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PREFACE 

Since  the  publication  in  1884  of  the  first  English  edition  of 
2iegler's  Special  Pathological  Anatomy,  great  advances  have  been 
made  in  our  knowledge  of  its  subject-matter.  These  have  been 
duly  embodied  in  the  five  successive  German  editions  that  have 
appeared  in  the  meantime.  The  work  has  accordingly  been  so 
•altered  and  enlarged  that  in  preparing  a  third  English  edition  we 
Jiave  had  entirely  to  rewrite  the  text,  and  to  recast  the  biblio- 
graphical and  other  supplementary  portions.  The  number  of 
pathological  papers  and  monographs  to  which  reference  might 
fitly  be  made  is  now  so  great  that  only  the  more  recent  and 
important  can  be  dealt  with.  But  the  student  of  historical  tastes 
will  find  ample  references  to  the  earlier  literature  in  the  previous 
English  editions ;  and  by  omitting  them  in  this  much  valuable 
.space  has  been  gained. 

The  second  volume,  containing  the  sections  on  the  alimentary 
tract  with  the  liver  and  pancreas,  the  respiratory  and  genito- 
urinary systems,  the  eye,  and  the  ear,  is  already  in  the  press  and 
will  shortly  be  published.  We  hope  to  follow  it  with  a  new 
version  of  the  part  on  Q-eneral  Pathological  Anatomy,  -prepared 
with  the  author's  sanction  and  assistance  from  the  latest  German 
•edition. 

We  desire  here  to  record  our  thanks  to  Dr  W.  G.  Spiller,  of 

Philadelphia,  for  his  help  in  preparing  the  translation  of  Sections 

VI  and  VII. 

DONALD   MAC  ALISTER 

HENRY  W.   CATTELL 
July,  1896. 
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SECTION  I 

BLOOD  AND  LYMPH 


CHAPTER   I 
THE  BLOOD 

1.  The  blood  is  a  liquid  of  peculiar  composition,  abounding 
in  cells  or  corpuscles,  and  equivalent  in  amount  to  about  one- 
thirteenth  of  the  body-weight.  A  cubic  millimetre  of  the  blood 
of  a  man  contains  on  the  average  5,200,000,  that  of  a  woman 
about  4,800,000,  red  corpuscles,  with  from  5,000  to  10,000  white 
corpuscles.  Thus  for  every  white  corpuscle  there  are  from  500 
to  1,000  red  corpuscles.  In  100  cubic  centimetres  of  blood  there 
are  in  men  14.5  grammes  of  haemoglobin,  and  in  women,  13.2 
grammes  (Hufnee). 

The  amount  of  blood  even  in  health  is  subject  to  considerable 
variation ;  it  maj^  under  certain  pathological  conditions,  differ 
notably  from  the  average  proportion  given  above. 

When  the  amount  of  blood  in  the  body  is  simply  increased, 
without  change  in  its  composition,  the  condition  is  described 
as  plethora  vera ;  when  the  increase  is  due  to  an  augmentation 
of  the  water  and  the  salts,  we  speak  of  the  condition  as  plethora 
serosa.  Diminution  of  the  total  amount  of  blood  in  circulation 
is  called  anaemia  or  oligaemia;  concentration  of  the  blood, 
through  loss  of  water  and  salts,  the  blood-albumen  remaining 
normal  in  amount,  is  termed  anhydraemia ;  relative  dilution  of 
the  blood,  from  diminution  of  the  albumen  it  contains,  is  desig- 
nated hydraeiuia  or  hypalbuminosis. 

Plethora  vera  may  occur  when,  before  the  removal  by  surgical 
operation  of  parts  of  the  body,  the  blood  has  been  pressed  back 
from  them  into  the  general  circulation  to  prevent  haemorrhage, 
as  in  amputation  by  Esmaech's  bloodless  method  (^plethora  apo- 
coptica)  ;  or  when  blood  has  been  injected  directly  into  the 
vascular  system.  The  complete  emptying  of  the  placenta  in  par- 
turition may  force  an  excessive  amount  of  blood  into  the  body  of 
the  new-born  infant,  and  so  give  rise  to  temporary  plethora. 

Plethora  caused  by  such  an  increase  of  the  blood  in  circula- 
tion is  a  transient  condition,  the  organism  promptly  excreting  the 
excess  of  water  and  then  destroying  the  surplus  of  red  corpuscles. 
True  plethora,  however,  of  a  more  abiding  kind,  occurs  in  specially 
predisposed  persons  whose  luxurious  habits  of  life  favour  exces- 
sive blood-formation.      This  excess,  in  certain  cases,  may  be  so 
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considerable  as  to  be  recognisable  during  life,  by  means  of  the 
abnormally  large,  full,  and  at  times  tense  pulse,  and  the  unusually 
powerful  action  of  the  heart ;  and  after  death  by  the  increased 
capacity  and  fulness  of  the  entire  vascular  system,  as  well  as  by 
the  cardiac  hypertrophy  thereby  induced. 

Plethora  serosa  as  a  transient  condition  may  result  from  an 
increased  supply  of  water  to  the  blood.  As  a  chronic  condition, 
it  may  be  due  to  diminished  excretion  of  water,  from  disease  of 
the  kidneys  or  the  heart.  Simple  hydraemia  results  from  abnor- 
mal loss  and  insufficient  re-formation  of  the  blood-albumen : 
anhydraemia,  from  increase  of  the  water  excreted  and  defi- 
ciency of  that  ingested.  After  severe  haemorrhage  more  water 
is  taken  up  by  the  blood,  and  the  condition  of  hydraemia  follows 
and  persists  until  the  loss  of  albumen  and  red  blood-corpuscles  is 
again  made  good. 

Anaemia  may  occur  from  single  or  repeated  haemorrhages, 
abnormal  disintegration  of  blood,  and  insufficient  formation  of  red 
corpuscles.  Its  characteristic  symptom  is  the  diminution  of  the 
amount  of  haemoglobin  in  the  blood.  The  proportion  may  fall 
to  six  or  even  three  grammes  per  100  cubic  centimetres  of  blood. 
Usually  the  number  of  red  corpuscles  is  somewhat  reduced,  and 
the  result  is  oligocythaemia.  In  chlorosis,  however,  the  causes 
of  which  are  as  yet  undetermined,  the  red  blood-corpuscles  are 
deficient  in  haemoglobin,  but  their  number  is  not  diminished. 

Increased  destruction  of  the  red  blood-corpuscles  is  fre- 
quently referable  to  special  causes  acting  injuriously  on  the 
blood.  It  occurs  after  burns  of  the  skin,  and  from  the  action  of 
many  poisons,  such,  for  example,  as  sulphuretted  hydrogen,  ar- 
seniuretted  hydrogen,  potassium  chlorate,  picric  acid,  toluylene- 
diamine,  and  many  of  the  poisonous  fungi.  Infective  diseases 
accompanied  by  fever  may  also  exercise  a  destructive  influence  on 
the  blood,  owing  to  the  action  of  their  specific  poisons  and  to  the 
abnormal  increase  of  the  body-heat ;  and  the  like  result  may  follow 
from  the  presence  of  certain  parasites  in  the  blood,  as  in  malaria. 
Excessive  cooling  of  the  skin  in  specially-disposed  persons  may 
occasion  a  destruction  of  the  red  blood-corpuscles  (periodic  or 
paroxysmal  haemoglobinuria).  There  are  also  several  forms 
of  severe  anaemia  which  are  grouped  together  as  pernicious 
anaemia,  among  the  features  of  which  is  increased  blood-destruc- 
tion or  haematolysis,  but  the  cause  of  this  is  still  uncertain. 
These  forms  are  therefore  provisionally  termed  cryptogenetic 
anaemias.  In  some  cases  the  condition  is  connected  with  defi- 
nite physiological  conditions,  or  with  organic  diseases,  such  as 
for  example  pregnancy  or  childbirth,  ulcerative  affections  of  the 
bowels,  or  the  presence  of  intestinal  parasites  {Bothriocephalus) . 
In  other  cases  no  organic  disease  is  demonstrable,  the  anaemia 
appearing  as  a  primary  blood-disease.  In  the  two  instances  last 
named  opinions  differ  as  to  the  cause  of  the  blood-changes 
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whether  they  are  due  to  an  alteration  in  the  blood-plasma,  to  the 
presence  of  specific  poisonous  substances  in  the  blood  causing  its 
destruction,  or  to  some  abnormal  frailty  on  the  part  of  the  blood- 
corpuscles. 

Deficiency  in  the  formation  of  blood  should  be  admitted  as  a 
cause  of  anaemia  only  when  we  can  demonstrate  the  presence  of 
morbid  conditions  in  the  bone-marrow,  where  especially  the  pro- 
dviction  of  red  corpuscles  takes  place,  or  when  defective  food- 
supply  or  disease  in  the  alimentary  tract  or  in  other  organs  has 
obviously  caused  impairment  of  the  general  nutrition,  the  evi- 
dence of  any  active  blood-destruction  being  at  the  same  time 
wanting.  Even  in  such  cases,  however,  it  is  often  impossible  to 
make  out  the  connexion  between  the  organic  disease  and  the 
anaemia.  There  is,  for  example,  a  form  of  cachectic  anaemia 
which  is  met  with  in  certain  pathological  conditions  of  the 
lymphadenoid  tissues  (Arts.  30  and  35),  of  the  spleen,  of  the 
lymph-glands,  and  of  the  intestine,  though  the  formation  of  blood 
in  the  bone-marrow  is  not  perceptibly  impaired. 

Increased  destruction  of  red  blood-corpuscles  is  often  capa- 
ble of  demonstration  by  the  microscope,  the  blood  containing 
morbidly-altered  red  corpuscles  and  the  products  of  their  dis- 
integration. 

The  altered  and  dying  red  blood-corpuscles  often  exhibit  the 
most  varied  and  diverse  forms  :  thus  we  have  globular,  spindle- 
shaped,  crescent-,  club-,  bobbin-  and  nail-shaped  varieties  ;  others 
again  are  drawn  out  into  threads,  constricted  in  the  middle,  or 
wholly  irregular.  This  condition  is  known  as  poikilocythaemia. 
Occasionally  very  small  or  very  large  red  blood-corpuscles  are 
met  with,  and  these  are  termed  respectively  micrbcytes  and 
macrocjrtes.  Portions  of  the  stroma  of  the  red  corpuscles  may 
also  display  partial  discoloration,  while  other  portions  are  strongly 
coloured,  and  in  some  cases  the  several  constituents  of  the  cor- 
puscle appear  to  be  separated  {plasmoschisis'). 

Besides  these  corpuscular  forms,  which  are  undoubtedly  due  to 
disintegration,  we  find  in  grave  anaemia  others  which  we  must 
regard  as  immature  or  morbidly  altered  embryonic  forms  of  the 
red  corpuscle.  Of  this  nature  are  the  nucleated  red  corpuscles, 
which  are  normally  to  be  found  only  in  the  bone-marrow.  The 
normal  embryonic  forms,  which  are  nucleated  cells  of  ordinary 
size,  have  been  termed  normoblasts,  the  morbid  embryonic  forms, 
which  are  abnormally  large,  megalohlasts.  The  diameter  of  the 
latter  may  be  twice  or  even  four  times  that  of  the  normal  cor- 
puscle. According  to  Ehklich  and  Mullbb,  megalohlasts  are 
chiefly  met  with  in  severe  pernicious  anaemia,  and  exemplify  a 
morbid  mode  of  blood-formation,  which  in  normal  conditions 
occurs  onlj-  during  the  period  of  embryonic  development.  It  is 
to  be  noted,  however,  that  in  pernicious  anaemia  not  only  is  the 
rate  of  blood-destruction  augmented,  but  the  rate  of  formation  of 
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blood  in  the  bone-marrow,  which  in  this  affection  contains  numer- 
ous embryonic  forms  of  the  red  blood-cells,  is  simultaneously 
increased  (Cohnheim,  Rindfleisch,  Neumann,  Muller).  It 
is  not  possible,  however,  to  decide  whether  the  multiplication  of 
the  normoblasts  and  the  appearance  of  megaloblasts  in  the  bone- 
marrow  is  caused  by  a  primary  disorder  of  that  tissue,  or  is  the 
consequence  of  an  antecedent  disease  of  the  blood.  In  the  latter 
case  the  phenomenon  would  indicate  an  increased  growth  of  the 
haematoblasts  of  the  bone-marrow  with  a  view  to  the  restoration 
of  the  blood. 


According  to  Stinzing  and  Gumprecht,  the  average  proportion  of  the  dry 
residue  in  normal  blood  is  in  man  21-6  per  cent.,  and  in  woman  19'8  per  cent. 
In  severe  anaemia  this  proportion  may  sink  to  8-5  per  cent.,  so  that  a  condition 
o.f  hydraemia  is  present.  Oligaemia  may  however  exist,  though  the  composition 
of  the  blood  remains  normal.  In  leukaemia  (Art.  2),  on  the  contrary,  the  pro- 
portion of  dry  residue  is  relatively  high,  though  the  amount  of  haemoglobin  is 
diminished. 

The  proportion  of  haemoglobin  in  the  blood  varies  considerably  at  different 
ages.  It  is  highest  at  birth ;  in  the  first  years  of  life  it  falls  to  one-half,  rising 
again  between  the  fifth  and  forty-fifth  year  to  about  two-thirds  of  its  original 
amount ;  thereafter  it  again  declines.  During  gestation  the  proportion  of 
haemoglobin  is  diminished. 

The  researches  of  Bollinger  and  Heissler  furnish  the  following  data 
concerning  the  variations  of  the  quantity  of  blood  in  the  lower  animals :  in 
pigs,  from  2-2.5  to  8-70;  in  horned  cattle,  from  6-03  to  10  ;  in  dogs,  from  4-4  to 
12-4 ;  in  horses,  from  5-9  to  13-5 ;  in  sheep,  from  6-56  to  10-43  per  cent.,  of  the 
body-weight.     Fat  pigs  are  remarkably  poor  in  blood. 

The  amount  of  fat  in  the  blood,  which  normally  is  very  small  and  during 
digestion  reaches  about  1-2  per  cent.,  may  under  pathological  conditions  reach 
a  much  higher  percentage,  the  blood  becoming  milky  and  turbid  from  the 
small  oil-globules  (lipaemia)  it  contains. 

The  amount  ol  fibrin-ferment  contained  in  the  blood  is,  in  diseased  condi- 
tions, subject  to  considerable  variation ;  so  that  on  post-mortem  examination 
we  can  distinguish  certain  cases  in  which  there  is  an  abundant  formation  of 
fibrin,  or  liyperinosis ;  and  in  other  cases  a  deficiency  of  fibrin-formation,  or 
hypinosis.  The  former  condition  is  found  especially  in  inflammatory  diseases, 
such  as  croupous  pneumonia  and  erysipelas ;  the  latter,  in  death  by  suffocation, 
and  in  poisonmg  by  sewer-gas,  by  alcohol,  and  by  hydrocyanic  acid. 

We  can  remove  the  anaemia  resulting  from  haemorrhage  by  the  transfusion 
of  blood,  that  is,  by  supplying  to  the  affected  person  blood  capable  of  perform- 
ing its  functions.  Transfusion  into  the  human  subject  of  the  blood  of  lower 
animals  serves  no  purpose,  but  rather  causes  further  injury,  inasmuch  as  the 
human  red  corpuscles  break  down  in  the  blood-serum  of  animals.  The  same 
thing  happens  when  the  blood  of  one  species  of  animal  is  injected  into  the 
vascular  system  of  an  animal  of  another  species. 
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Hoppk-Sbyler  :  Physiol.  Chemie  Berlin  1877-81 
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Transfusion  Journ.  of  Anat.  xxi  and  B.  M.  J.  1887 
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Labadie-Lagrave  :  Traite  d.  malad.  du  sang  Paris  1893 
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QuiNQUAUD  :  Blood-lesions  in  various  diseases  A .  gen.  de  med.  1879 
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Kindfleisch  :  Defective  blood-formation  in  pernicious  anaemia  V.  A.  121  1893 
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Sadler  :  Estimation  of  corpuscles  and  haemoglobin  Fortschr.  d.  Med.  (supple- 
ment) 1892 

ScHAUMANN  I  Bothryocephalen-Anamie  Berlin  1894 

ScHiFF,  H. :  The  red  corpuscles  in  infants  Prager  Z.  f.  Heilk.  xi  1890 

Stierlin:  Estimation  of  corpuscles  and  haemoglobin  in  infants  D.  A.  f.  klin. 
Med.  XLV  1889 

Stihzing  and  Gumprecht  :  Proportion  of  water  and  dried  residue  in  the  blood 
in  health  and  disease  D.  A.  f.  klin.  Med.  liii  1894  (with  references) 

TuMAS  :  Variations  in  the  blood  in  certain  infective  diseases  D.  A.  f.  klin.  Med. 
XLi  1887 

Vanlair  and  Masius  :  De  la  microcylhe'mie  Brussels  1877 

"Vikrordt:  Daten  und  Tabellen  f.  Mediciner  Jena  1893 
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2.  The  proportion  of  white  corpuscles  in  the  blood  (which 
usually  ambunts  on  the  average  to  one  white  cell  to  five  hundred 
red)  is  subject,  even  under  physiological  conditions,  to  great  vari- 
ation, being  markedly  increased  during  digestion  and  during 
gestation.  Under  pathological  conditions  this  increase  may  reach 
still  higher  degrees,  and  may  be  associated  Avith  a  diminution  of 
the  red  blood-cells.  If  the  condition  of  increase  is  transient  it  is 
spoken  of  as  leueooytosis  ;  if  lasting,  as  leukaemia. 

Pathological  leucocjrtosis  may  occur,  though  not  invariably, 
after  haemorrhages,  in  cachectic  conditions  accompanying  malig- 
nant disease  (Reinbach),  and  just  before  death.  It  is  met  with 
in  a  large  class  of  diseases  that  are  accompanied  by  inflammatory 
exudations  (inflammatory  leucocytosis),  such  as  croupous  pneu- 
monia, inflammations  of  the  serous  membranes,  pyaemia,  ery- 
sipelas, scarlet  fever,  diphtheria,  and  quinsy.  It  is  absent,  on 
the  other  hand,  in  measles  and  influenza.  In  typhoid  fever  the 
proportion  of  leucocytes  may  even  diminish.  Experimentally, 
leucocytosis  may  be  induced  in  animals  by  the  injection  of  pus- 
micrococci,  sterilised  cultures  of  certain  bacteria,  bacterial  proteins 
or  albumoses,  vegetable  proteins,  hemialbumose,  and  nucleinic  acid, 
as  well  as  by  the  administration  of  certain  blood-poisons.  The 
leucocytosis  is  usually  preceded  by  a  transient  diminution  of  the 
leucocytes  (hypoleucocytosis),  which,  according  to  Goldscheider 
and  Jacob,  is  caused  by  the  retention  of  the  leucocytes  within  the 
capillaries  of  the  viscera,  and  especially  in  those  of  the  lungs. 

Physiological  leucocytosis  is  seldom  marked  in  degree  (on 
the  average  it  amounts  to  33  per  cent.,  Rieder),  and  it  leaves 
unaffected  the  proportion  between  the  different  forms  of  leu- 
cocytes. Inflammatory  leucocytosis  reaches  a  higher  degree  of 
intensity,  especially  in  pneumonia.  Thus  a  proportion  of  one  leu- 
cocyte to  100,  or  even  to  15  or  20  red  corpuscles,  may  occur,  and 
the  increase  is  generally  confined  to  the  multinuclear  leucocytes. 

The  causation  of  pathological  leucocytosis  is  not  certainly  es- 
tablished.    It  is  supposed  by  most  authorities  that  an  increased 
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supply  of  leucocytes  is  carried  to  the  blood  from  tlie  parts  in 
which  leucocytes  are  normally  produced;  but  perhaps  there  is 
also  an  increased  production  of  these  cells.  The  latter  hypothesis 
would  seem  to  correspond  best  with  the  observed  facts. 

The  change  in  the  blood  known  as  leukaemia  (Virchow)  is 
characterised  by  a  more  or  less  considerable  increase  of  white 
blood-cells,  accompanied  in  general  by  a  corresponding  reduction 
in  the  number  of  red  corpuscles.  The  proportion  between  the 
two  may  be  so  altered  that  their  numbers  become  equal,  or  in 
extreme  cases  the  white  may  slightly  outnumber  the  red.  Of  the 
white  corpuscles,  the  uninuclear  cells  in  particular  are  increased 
above  the  normal  proportion,  while  among  the  red  blood-cells 
nucleated  forms  are  met  with. 

In  well-marked  leukaemia  the  blood  is  strikingly  pale,  clear, 
and  limpid.  The  heart  and  the  large  blood-vessels  often  contain 
after  death  peculiar  clay-coloured  clots,  rich  in  white  corpuscles, 
instead  of  the  usual  semi-translucent  fibrinous  deposits ;  or  the 
clots  are  covered  with  a  white,  creamy,  pus-like  film  composed 
of  colourless  cells.  The  diagnosis  of  less-marked  cases  of  leu- 
kaemia may  require  the  aid  of  the  microscope,  by  means  of  which 
even  a  slight  relative  increase  in  the  proportion  of  white  cells 
may  be  recognised. 

The  increase  of  the  white  blood-cells  in  leukaemia  is  primarily 
referable  to  an  increased  supply  of  cells  from  those  organs  which 
produce  leucocytes.  Accordingly  the  spleen,  the  lymph-glands, 
and  the  marrow  of  the  bones,  show  in  different  degrees  and  com- 
binations signs  of  hyperplastic  proliferation  ;  sometimes  only  one 
or  two  of  the  above  organs  are  altered  and  increased  in  bulk, 
or  all  three  may  exhibit  proliferation.  We  can  thus  distinguish 
lymphatic,  splenic  (lienal),  and  myelogenous  forms  of  leukaemia, 
as  well  as  combinations  of  these  forms.  Further  proof  of  this 
mode  of  origin  is  afforded  by  the  fact  that  the  blood  contains  cell- 
forms  which  correspond  with  the  characteristic  cells  of  the  organs 
indicated.  Thus  in  lymphatic  leukaemia  we  find  chiefly  the  small 
uninuclear  cell-forms,  which  correspond  to  the  cells  of  lymphaden- 
oid  tissue.  On  the  other  hand  in  myelogenous  and  mixed  leu- 
kaemias large  uninuclear  cells  appear,  which  correspond  to  those 
found  in  the  bone-marrow  (myelocytes)  but  not  in  normal  blood ; 
in  this  case,  too,  the  eosinophile  cells  in  the  blood  are  increased  in 
number. 

Finally,  it  is  capable  of  demonstration  that  in  leukaemia  the 
tissu6-elements  of  the  organs  which  produce  leucocytes  exhibit 
abundant  examples  of  karyokinetic  cell-division.  It  is  to  be 
noted,  however,  that  an  increase  of  the  colourless  cells  may  un- 
doubtedly take  place  outside  of  the  above-named  organs  (Bizzo- 
ZERO,  Spronck,  MtJLLER,  Strobe),  for  the  leucocytes  have  been 
observed  to  divide  by  mitosis,  not  only  in  the  circulating  blood 
but  also  within  certain  organs  in  which  they  are  retained  ;  in  this 
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way  their  number  is  further  increased.  It  is  also  possible  that 
those  cells  which  reach  the  blood-current  are  in  part  endowed 
with  a  longer  life  than  the  ordinary  leucocytes.  The  last-named 
phenomena  suggest  an  explanation  of  the  fact  that  in  very  rare 
cases  (Leube,  Fleischer)  leukaemia  may  occur  unaccompanied 
by  any  recognisable  changes  in  the  spleen,  the  marrow  of  bone, 
or  the  lymph-glands.  Moreover,  there  is  nothing  to  prevent  us 
assuming  that  from  organs  not  perceptibly  hypertrophied  an  ab- 
normal number  of  colourless  cells  may  be  supplied  to  the  blood. 

The  diminution  of  the  number  of  red  corpuscles  which  takes 
place  in  the  majority  of  cases  of  leukaemia  is  referable  to  the  fact 
that  the  process  of  their  formation  is  disordered.  The  nucleated 
red  corpuscles,  which  are  specially  apt  to  appear  in  the  blood 
in  myelogenous  and  mixed  leukaemias,  are  to  be  regarded  as 
immature  cells  that  have  escaped  from  the  marrow  of  bone. 

The  richness  of  the  blood  in  colourless  cells  generally  leads  to 
secondary  changes  in  the  different  organs.  These  are  indicated 
chiefly  by  an  accumulation  of  leucocytes  in  the  capillaries,  and 
later  on  by  the  migration  of  some  of  them  into  the  tissues.  Such 
leukaemic  infiltrations  occur  mainly  in  the  liver,  but  are  not 
wholly  absent  in  other  organs  and  tissues.  Sometimes  they  form 
not  only  diffuse  infiltrations,  but  also  more  definite  deposits,  which, 
in  the  form  of  greyish-white  nodular  patches,  can  be  recognised 
without  the  aid  of  the  microscope ;  they  are  spoken  of  as  leu- 
kaemic lymphomata.  These  aggregations  originate  not  simply  in 
a  passive  accumulation  of  leucocytes ;  the  cells  probably  increase 
also  by  subdivision  and  multiplication  in  situ. 

In  the  blood,  in  the  spleen,  and  in  the  bone-marrow  of  those 
affected  with  leukaemia  Charcot's  crystals  are  not  infrequently 
found  after  death.  These  are  recognisable  as  sharp  acicular 
octahedral  crystals. 

The  aetiology  of  leukaemia  is  not  known.  It  is  improbable 
that  all  the  diseases  which  are  designated  as  leukaemia  at  the  pres- 
ent time  have  the  same  genesis  and  causation.  The  course  of  the 
disease  is  usually  a  chronic  one,  though  acute  cases  are  occasion- 
ally met  with. 

The  proportion  of  multinuclear  cells  under  normal  conditions  amounts  to 
about  70  per  cent.,  that  of  eosinophile  cells  to  about  1  or  2  per  cent.,  of  the 
colourless  elements  of  the  blood  (Zappert).  The  view  that  leukaemia  is 
the  result  of  disease  of  the  blood-producing  organs  is  maintained  chiefly  by 
ViRCHOw,  Neumann,  Mosler,  Ehrlich,  and  Muller  ;  while  Biesiadecki, 
Renaut,  Lowit,  and  others  believe  it  to  be  a  primary  disease  of  the  blood 
itself,  in  which  the  colourless  elements,  perhaps  in  consequence  of  some  patho- 
logical alteration  of  the  blood-plasma  (Lowit),  do  not  pass  through  the  normal 
cycle  of  changes,  but  retaining  their  vitality  are  deposited  in  the  tissues,  and  so 
lead  to  organic  disorders.  The  peculiarities  of  the  cells  appearing  in  the  blood, 
and  in  particular  the  occurrence  of  cells  which  resemble  those  of  the  bone- 
marrow,  and  like  them  present  the  same  neutrophile  granulation  (Ehrlich), 
support  the  theory  that  lukaemia  is  primarily  a  disease  of  the  organs  that 
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produce  the  red  and  white  blood-corpuscles.  This  does  not  exclude  the  possi- 
bility that  the  colourless  cells  which  reach  the  blood  may  increase  within  the 
vessels  in  some  pathological  manner,  and  maintain  their  vitality  beyond  the 
normal  period.  It  is  a  noteworthy  fact,  however,  that  afiections  of  the  spleen 
and  of  the  lymph-glands  (see  Sect.  Ill),  which  are  anatomically  identical  with 
those  occurring  in  leukaemia,  may  exist  without  any  accompanying  leukaemia 
(pseudo-leukaemia,  splenic  and  lymphatic  anaemia).  Thus  hypertrophy  of  the 
spleen  and  lymph-glands  does  not  always  lead  to  an  increased  influx  of  colour- 
less cells  into  the  blood. 

Summaries  of  the  present  state  of  our  knowledge  of  leucocytosis  and  of 
leukaemia  are  given  in  the  memoirs  of  Ribder  and  Mullee,  cited  below. 
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CHAPTER   II 


THE  LYMPH 


3.  The  lymph  is  a  liquid  transuded  from  the  blood-vessels, 
together  with  certain  products  of  tissue-metabolism,  and  in  special 
parts  also  (e.g.  the  lacteals)  substances  brought  to  the  lymph  from 


t      '\  K  \  ^.  h 


Fig.  1.    Sbction  through  a  degenerating  patch  from  the  brain. 
(Perosmic  acid  preparation :  X  200) 


a  blood-vessel  filled  with  blood 

b  tunica  media 

c  adventitia  with  its  lymph-sheath 

d  unaltered  neuroglia-cells 

e  fatty  neuroglia-cells 

/  binuclear  neuroglia-cells 

g  sclerotic  tissue 


h    lymphoid  cells 

hi  lymphoid  cells  containing  a  few  oil- 
globules. 

Ji2  fat-granule  carriers 

hs  pigmen1>granule  cells,  some  contain- 
ing red  corpuscles 


without.     The   lymph-glands   contribute  a  number  of   lymphoid 
elements  in   addition   to   the  few  cells  derived  from  the  blood. 
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Morbid  conditions  of  the  blood,  as  well  as  diseases  of  the  tissues, 
accordingly  give  rise  in  general  to  changes  in  the  lymph ;  and  sub- 
stances taken  up  into  the  tissues  from  without  very  frequently 
reach  the  lymphatic  channels. 

Many  of  the  changes  in  question  are  not  physically  demonstra- 
ble, being  due  to  substances  that  are  dissolved  in  the  lymph.  As 
regards  the  morphological  elements  of  the  pathologically  altered 
lymph,  the  changes  in  them  relate  to  the  number  and  nature  of 
the  cells  it  contains,  and  to  the  addition  of  products  of  the 
disintegration  of  the  tissues,  or  of  foreign  matters  derived  from 
without.  As  illustrative  of  such  changes  in  the  normal  contents 
of  the  lymph,  we  may  refer  to  Fig.  1,  representing  the  degenera- 
tive process  resulting  from  a  haemorrhage  in  the  brain.  Here  the 
circumvascular  lymph-vessels  (Fig.  1  c)  contain,  along  with  the 
unchanged  lymphoid  elements,  certain  cells  which  are  loaded  partly 
with  colourless  (Aj  Ag)  detritus  of  the  brain-substance,  partly  with 
disintegrated  blood-corpuscles  (A3).  In  a  lymphatic  vessel  pro- 
ceeding from  an  inflamed  tissue  the  number  of  cellular  elements 
in  the  lymph  is  very  markedly  increased.  Often  mixed  with  the 
lymph  are  found  cast-off  endothelial  cells,  some  subdividing,  others 
degenerate.  Not  infrequently  local  coagulation  of  the  lymphatic 
contents,  with  the  formation  of  fibrin,  is  observed.  If  a  new 
growth  has  broken  into  a  lymphatic  vessel,  we  may  find  the 
tumour-cells  in  the  lymph.  Where  bacteria  have  invaded  the 
tissues,  colonies  of  microbes  may  develope  in  the  lymph-channels. 
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CHAPTER  III 
MALFORMATIONS  OF   THE  HEART  AND  GREAT  VESSELS 

4.  Malformations  of  the  heart  are  of  frequent  occurrence, 
and  have  great  practical  importance,  inasmuch  as  they  often  on 
the  one  hand  cause  non- viability  of  the  foetus,  and  on  the  other, 
where  life  after  birth  is  possible,  induce  conditions  of  more  or 
less  imperfect  circulation,  and  a  disposition  to  other  and  more 
extensive  lesions.  Not  infrequently  also,  in  circumstances  involv- 
ing great  demands  upon  the  activity  of  the  malformed  heart,  they 
lead  ultimately  to  a  fatal  issue. 

In  most  cases  we  have  to  deal  with  primary  arrest  of  develop- 
ment and  with  disturbances  of  growth,  resulting  in  an  imperfect 
development  of  some  part  of  the  heart  or  in  abnormality  of  its 
position  and  configuration.  Only  in  rare  instances  do  morbid 
processes  in  utero,  such  as  inflammations,  inhibit  or  disturb  the 
normal  development  of  the  heart. 

In  the  majority  of  cases  the  primary  failure  lies  in  the  absence 
or  defective  development  of  the  septa  which  divide  the  simple 
cavity  of  the  embryonic  heart  into  a  right  and  a  left  ventricle, 
and  into  a  right  and  a  left  auricle,  and  the  truncus  arteriosus  into 
the  aorta  and  pulmonary  artery. 

In  addition  to  these  defects  we  meet  with  malformations  of 
the  valves,  stenosis  and  closure  of  the  auriculo-ventricular,  the 
arterial,  and  the  venous  orifices  ;  and  lastly  malposition  and  faulty 
development  of  the  large  arterial  trunks  and  their  branches,  and 
of  the  veins  entering  the  auricles. 

Stenosis  of  the  pulmonary  artery  (Fig.  2  d  dj),  a  somewhat 
frequent  malformation,  may  involve  the  arterial  trunk  as  well  as 
the  conus  arteriosus  and  the  ostium,  the  valves  being  at  the  same 
time  more  or  less  malformed.  Sometimes  there  is  complete  clos- 
ure or  atresia  of  the  pulmonary  orifice.  These  malformations 
occur  in  association  both  with  closed  and  complete  ventricular 
septa  and  with  defects  (e)  in  the  ventricular  or  auricular  septum, 
the  former  combination  being  however  infrequent.  Very  often 
these  malformations  are  combined  with  anomalies  in  the  position 
of  the  large  arterial  trunks,  both  of  these  vessels  arising  from 
the  right  ventricle,  or  the  aorta  from  the  right  ventricle  (a  e)  and 
the  pulmonary  artery  from  the  left  ventricle  (d  d^),  a  condition 
which  might  be  termed  transposition  of  the  arterial  trunks.     If 
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the  diameter  of  the  puhnonary  orifice  measure  less  than  a,  certain 
amount,  the  pulmonary  circulation  can  be  adequately  maintained 
only  when  the  ductus  arteriosus  remains  patent. 


Fig.  2.    Malformation  of  the  heart. 

{With  transposition  of  the  large  blood-vessels,  stenosis  of  the  pulmonary  orifice,  and 
defect  of  the  anterior  part  of  the  ventricular  septum :  from  Rokitansky) 


a    right  ventricle  opened  near  its  margin 
i    stenosed  riglit  ostium  venosum 
c    aorta  arising  from  tlie  right  ventricle 
d    orifice  of  the  pulmonary  artery  rfj  lying 

posteriorly 
e    defeotoltheanteriorventricular  septum 


/  anterior  portion  of  the  septum  extend- 
ing to  the  aorta  on  the  left,  between 
the  anterior  and  left  segment  of  the 
valve 

g  membranous  portion  of  the  light  side 
of  the  pulmonary  artery 


Stenosis  and  atresia  of  the  aorta  occur,  like  the  analogous 
conditions  of  the  pulmonary  artery,  both  with  and  without  defect 
of  the  interventricular  septum.     These  malformations  are  some- 
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times  accompanied  by  transposition  of  the  aorta,  or  may  be  com- 
bined with  other  forms  of  cardiac  malformation. 

When  the  aortic  orifice  is  markedly  constricted  or  entirely 
closed,  the  ventricular  septum  being  properly  developed,  the 
foramen  ovale  and  the  ductus  arteriosus  usually  remain  open,  so 
that  the  circulation  is  carried  on  chiefly  by  the  action  of  the  right 
heart,  and  the  blood  of  both  the  systemic  and  the  pulmonary 
circulations  is  driven  through  the  pulmonary  artery.  The  left 
ventricle  and  left  auricle  are  in  these  cases  generally  small  and 
imperfectly  developed. 

Stenosis  of  the  aorta  between  the  opening  of  the  ductus  arte- 
riosus and  the  origin  of  the  left  subclavian  (^isthmus  aortae),  a 
slight  form  of  which  is  not  infrequent,  may  in  exceptional  cases 
be  very  marked ;  and  instances  are  described  in  which  the  aorta 
is  entirely  closed,  or  even  wholly  wanting.  The  collateral  circu- 
lation is  then  established  by  means  of  anastomoses  between  the 
branches  of  the  subclavian  and  the  descending  thoracic  and  abdom- 
inal aorta. 

Stenosis  and  atresia  of  the  venous  orifices  occur  in  the  right  as 
well  as  in  the  left  auricle. 

Misplacement  (or  transposition)  of  the  large  blood-vessels 
occurs  along  with  other  malformations  of  the  orifices,  of  the  ves- 
sels, and  of  the  septa,  as  well  as  in  the  absence  of  such  malfor- 
mations. In  these  cases  the  vessels  sometimes  maintain  their 
connexion  with  their  proper  ventricles ;  at  other  times  an  inter- 
change takes  place. 

Defects  of  the  ventricular  septum  may  involve  the  entire 
partition  (^cor  hiloculare  hiatriatum),  in  which  case  only  one  ven- 
tricle is  present.  They  are  more  frequently,  however,  limited  to 
the  anterior  or  posterior  region  of  the  septum,  or  even  to  a  por- 
tion of  one  of  these.  The  defect  may  be  combined  with  a  like 
defect  of  the  auricular  septum  (^cor  hiloctilare),  or  with  malforma- 
tions of  the  arterial  trunks  and  orifices,  as  well  as  of  the  venous 
orifices.  Persistence  of  the  truncus  arteriosus  may  be  associ- 
ated with  defects  of  the  anterior  septum ;  the  latter  however 
occurs  much  more  frequently  in  association  with  stenosis  of  the 
pulmonary  artery.  In  partial  defects  of  the  septum  the  aorta  is 
generally  displaced  to  the  right. 

Defects  of  the  auricular  septum,  more  or  less  extensive, 
are  met  with  either  by  themselves,  or  in  conjunction  with  other 
malformations.  Most  frequently  the  foramen  ovale  remains  open; 
less  often  a  defect  is  found  beneath  the  membranous  margin  of 
the  foramen.  Total  absence  of  the  septum  constitutes  the  cor 
hiloculare  hiventriculare. 

Malformations  of  the  valvular  segments  may  occur  in  the 
auriculo- ventricular  valves,  which  are  sometimes  abnormally  short, 
or  adherent  to  each  other  ;  abnormal  constriction  and  occlusion  of 
the  orifices  are  also  met  with.     In  the  latter  condition  the  circula- 
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tion  can  take  place  only  when  an  opening  persists  in  the  auricular 
septum. 

The  number  of  the  segments  of  the  semilunar  or  sigmoid 
valves  may  be  excessive  or  defective  at  either  of  the  arterial 
orifices. 

Persistence  of  the  ductus  arteriosus  is  brought  about  chiefly 
as  a  result  of  other  defects  in  development,  such  as  stenosis  of  the 
pulmonary  artery,  of  the  aorta,  or  of  one  of  the  venous  orifices. 
It  also  occurs  apart  from  any  other  form  of  cardiac  malformation. 

From  their  complexity,  it  is  not  always  easy  to  gain  a  clear  conception  of 
the  genesis  of  these  malformations.  More  exact  knowledge  of  the  history  of 
the  development  of  the  heart,  which  we  owe  to  His  and  Born,  has  materially 
aided  our  understanding  of  their  origin,  in  regard  both  to  defects  of  the  septa 
and  to  malformations  of  the  arterial  and  venous  orifices. 

The  human  heart  is  originally  formed  out  of  a  straight  tube,  which  later  on 
becomes  curved  and  S-shaped  (Hbrtwig).  From  the  anterior  extremity  of 
this  arise  the  two  primitive  aortic  arches,  while  its  posterior  extremity  receives 
the  two  vitelline  veins  (venae  omphalo-mesentericae).  When  the  tube  (Fig.  3) 
has  reached  a  certain  size  and  position  in  the  embryo,  the  several  parts  become 
differentiated,  the  widening  venous  portiou  and  the  arterial  portion  being 
separated  by  a  narrower  tube,  the  auricular  canal  (ac) ;  the  cavities  are 
thenceforward  recognisable  as  auricle  (a)  and  ventricle  (v).  At  the  same 
time  the  auricles  develope  lateral  pouches  (aa),  which  become  the  appendices 
auricularum. 


Fig.  3.    Heart  of  a  human  embryo  43  millimetres  long. 
(From  His) 
V     ventricle  ac    auricular  canal 

a      auricle  with  appendix  auriculae  aa 


ta    truncus  arteriosus 


Fig.  4.    Heart  or  a  human  embryo  at  the  fifth  week. 
(From  His) 
rv    right  ventricle  ta      truncus  arteriosus 

Iv    left  ventricle  laa    left  appendix  auriculae 

SI     sulcus  mterventricularis  raa    right  appendix  auriculae 

In  the  region  of  the  auricular  canal  where  the  auriculo-ventricular  valves  are 
subsequently  fornied,  the  endothelial  tube  narrows  and  is  markedly  flattened  in 
the  sagittal  direction,  so  that  its  opposite  walls  come  nearly  into  contact 

The  rudimentary  ventricle  (Fig.  3  v)  forms  a  bent  tube  which  narrows 
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toward  the  aortic  bulb  (to).  This  is  soon  grooved  externally  by  a  straight 
furrow,  the  sulcus  interventricularis  (Fig.  4  si),  running  from  above  down- 
wards, by  which  the  ventricle  is  divided  externally  into  a  right  and  a  left  half, 
of  which  the  former  is  continued  into  the  truncus  arteriosus.  The  formation  of 
septa  within  the  heart  follows  in  the  portion  of  the  ventricle  corresponding  to 
the  externally  visible  interventricular  sulcus  (Fig.  4  si).  On  the  inferior  and 
posterior  wall  a  ridge  arises  (Fig.  5  vs),  which  is  the  rudiment  of  the  septum 
ventriculorum,  and  grows  from  below  upwards.  Very  soon  on  the  posterior 
wall  of  the  auricle,  to  the  left  of  the  venous  orifice  (Fig.  5  sr),  a  process  of  con- 
nective tissue  (si)  appears  in  the  region  of  the  auricular  canal,  whose  walls  at 
this  stage  assume  the  form  of  au  annular  projecting  fold  directed  downward  (the 
rudimentary  valvular  segments),  and  this  process  divides  the  auriculo-ventricular 
orifice  into  a  right  and  a  left  half.  His  terms  this  portion  of  the  septum  the 
septum  intermedium. 


Fig.  5. 


rv 
si 
la 
ra 


Posterior  half  of  the  heart  of  a  human  embryo  at  the  fifth  week. 
{_From  His) 


left  ventricle 
right  ventricle 
septum  intermedium 
left  auricle 
right  auricle 
ventricular  septum 


mouth  of  the  sinus  reuniens  {sinus  ve- 

nosus  of  Born) 
auricular  septum  (auricular  crescent  of 

His,  septum  primum  of  Born) 
septum  spurium     *  Eustachian  valve 


In  the  seventh  week  this  septum  unites  with  the  septum  of  the  ventricles, 
and  forms  thus  the  middle  segment  of  the  auriculo-ventricular  valves.  The 
other  segments  of  the  mitral  and  tricuspid  valves  are  formed  from  the  wall  of 
the  ventricular  cavity. 

The  differentiation  of  the  truncus  arteriosus  into  an  aorta  and  a  pulmonary 
artery  follows  directly  upon  the  formation  of  the  ventricular  septum.  It  begins 
with  a  flattening  of  the  tube,  and  this  is  followed  by  the  appearance  of  two 
longitudinal  ridges  on  the  flattened  sides,  which  grow  toward  each  other  and 
then  unite.  Later  on,  the  aorta  and  pulmonary  artery  become  externally 
distinct. 

The  process  of  division  in  the  truncus  arteriosus  begins  above,  and  extends 
downward  till  it  reaches  the  ventricular  cavity.  The  partition  then  unites 
with  the  ventricular  septum  by  a  secondary  process  of  cohesion.  The  inferior 
portion  of  the  truncus  forms  the  membranous  portion  of  the  ventricular  septum. 
The  development  of  the  semilunar  valves  begins  before  the  division  of  the 
truncus.  Four  prominences  of  a  gelatinous  texture  are  formed ;  and  of  these 
two  are  bisected  in  the  process  of  division  of  the  arterial  channels,  so  that 
presently  three  prominences  appear  in  each  trunk. 
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The  auricular  septum  begins  to  develope  on  the  superior  wall  of  the  auricle, 
from  which  point  it  grows  (Fig.  5  as)  downward,  until,  in  the  region  of  the 
auricular  canal,  it  reaches  the  septum  intermedium  (si)  and  coheres  with  it; 
thus  the  auricle  as  well  as  the  auricular  canal  is  divided  into  halves.  Here, 
however,  the  division  again  becomes  incomplete,  for  an  opening  appears  in  the 
septum,  the  foramen  ovale,  which  closes  only  after  birth. 

The  truncus  arteriosus  at  a  certain  stage  of  embryonic  development  gives 
origin  to  five  pairs  of  primitive  aortic  arches,  from  whose  confluence  the  aorta 
dorsalis  arises  (Fig.  6).  Upon  the  division  of  the  heart  into  its  several  dif- 
ferentiated portions,  transformations  occur  in  the  arterial  arches,  whereby  the 
division  of  the  circulation  into  the  major  and  minor  systems  is  effected.  The 
plan  of  the  embryonic  vascular  system,  originally  symmetrical,  now  becomes 
asymmetrical.  The  manner  in  which  this  is  effected  is  shown  in  the  two  dia- 
grammatic schemes  of  Figs.  6  and  7.  The  essential  points  in  the  process  of 
transformation  are  the  division  of  the  truncus  into  aorta  and  pulmonary  artery, 
the  obliteration  of  some  of  the  primitive  aortic  arches,  and  the  further  develop- 
ment of  the  remainder. 

In  Fig.  7  the  parts  which  persist  are  black  or  shaded,  while  those  ultimately 
obliterated  are  left  white.  The  connecting  link  between  the  pulmonary  artery 
and  the  aorta,  the  ductus  arteriosus,  is  obliterated  last,  since  it  closes  only  after 
birth. 


Fig.  6.    Diagrammatic  scheme  of  the  aortic  akches  of  the  embryo  op  an 

AMNIOTIC  vertebrate. 

{From  Hertwig) 

first  to  fifth  aortic  arches  v  vertebral  artery 

aorta  dorsalis  s  subclavian 

internal  carotid  p  pulmonary  artery 

external  carotid  j  j 


1-5 
ad 

d 
ce 


Fig.  7.    Diagrammatic  scheme  op  the  transformations  of  the  aortic  arches 

in  a  mammal. 


.  ^        ,  (From  Rathke) 

internal  carotid 

external  carotid 

common  carotid 

the  descending  aorta 

fourth  arch  on  the  left  side 

left  vertebral  artery 


k  right  vertebral  artery 

h  left  subclavian 

i  I  right  subclavian 

m  pulmonary  artery 

n  ductus  arteriosus 


The  venous  trunks,  with  the  exception  of  the  ascending  vena  cava,  are  origi- 
nally paired  and  symmetrical,  and  unite  in  the  sinus  reuniens  (Fig.  5  sr)  ;  this 
later  on  disappears  as  an  independent  structure,  and  is  absorbed  into  the  auri- 
cles. Through  the  further  development  of  some  and  the  involution  of  other 
veins,  the  ultimately  asymmetrical  venous  system  is  produced. 

A  comparison  of  the  malformations  of  the  heart  with  the  stages  of  its  develop- 
ment shows  that  the  malformations  result  essentially  from  defective  or  perverted 
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development  of  the  septum,  the  ventricle,  the  auricle,  and  the  truncus  arteriosus, 
and  from  failure  of  their  normal  coherences.  This  is  true  not  only  of  defects 
in  the  septum,  but  also  of  anomalies  of  position  and  abnormal  narrowness  of 
the  arteries.  Union  of  the  septum  intermedium  with  the  wall  of  the  auricular 
canal  leads  to  closure  of  the  auriculo-ventricular  orifice,  or  at  least  to  an  abnormal 
coherence  of  the  valvular  segments.  Abnormal  subdivision  of  the  truncus 
arteriosus  may  also  induce  malformations  of  the  valves ;  and  incomplete  develop- 
ment of  the  rudiments  of  the  valves  may  result  in  morbid  alterations  of  their 
texture.  Disorders  of  evolution  in  the  aortic  arches  are  apt  to  give  rise  to 
anomalies  of  the  arterial  trunks. 

References  on  the  Development  of  the  Heart. 

BoBN :  Development  of  the  mammalian  heart  A.f.  mikrosk.  Anat.  xxxiii  1889 ; 

Anat.  Anzeiger  in  (p.  606)  1888 
Hertwig  :  Lehrb.  d.  Entwickelungsgeschichte  Jena  1893 
His  :  Anatomie  menschl.  Embryonen  in  Leipzig  1885 ;  Beitr.  z.  Anal.  d.  menscM. 

Herzens  Leipzig  1886 

References  on  Malformations  of  the  Heart. 

Arnold:  Development  of  auricular  septum  V.A.51 1870;  Congenital  divertic- 
ulum of  the  heart  V.  A.  137  1894 

Babes  :  Peculiar  cases  Jahrb.  f.  Kinderheilk.  xiv  1879 

VON  Buhl  :  Cases  Z.  f.  Biol,  xvi  1880 
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References  on  Aortic  Stenosis  near  the  Ductus  arteriosus. 

Barie  :  Congenital  stenosis  of  descending  aorta  Rev.  de  med.  vi  1886 
Eppinger  :  Congenital  aortic  stenosis  Prag.  Vierleljahrsschr.  112  1871 
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5.  It  is  not  rare  for  the  heart  to  be  abnormally  small  in  pro- 
portion to  the  body-weight.  This  condition  is  described  as  car- 
diac hypoplasia.  The  heart  is  either  abnormally  small  at  birth, 
or  fails  to  attain  sufficient  development  later.  Sometimes  in 
adults  the  heart  may  be  no  bigger  than  it  normally  is  in  chil- 
dren of  seven  or  eight  years.  Such  extreme  cases  are  rare,  but 
minor  degrees  of  hypoplasia  are  often  met  vi^ith.  According  to 
ViECHOW,  cardiac  hypoplasia  is  common  in  patients  of  both  sexes 
suffering  from  chlorosis  or  haemophilia.  In  the  majority  of  cases 
there  is  an  accompanying  hypoplasia  of  the  arterial  vascular  sys- 
tem, the  aorta  and  arterial  trunks  being  narrow  and  thin-walled  : 
the  genital  organs  may  also  be  ill-developed,  and  sometimes  the 
entire  body  is  undersized.  The  abnormal  thinness  and  narrow- 
ness of  the  arteries  are  often  associated  with  anomalies  in  their 
distribution ;  while  corrugated  and  lattice-lite  irregularities  of 
the  surface,  and  fatty  deposits,  are  observed  in  the  inner  coat  of 
the  aorta.  In  many  cases  rupture  of  such  an  aorta  has  been 
recorded. 

Congenital  hypertrophy  of  the  whole  or  a  part  of  the  heart 
is  seen  when,  from  alterations  in  the  ostial  orifices  and  vascular 
trunks,  the  forward  propulsion  of  the  blood  is  rendered  difficult. 

Among  the  malpositions  of  the  heart  in  the  thorax  we  occasion- 
ally find  the  condition  termed  transpositio  cordis,  or  deziocardia. 
Here  the  heart  is  situated  on  the  right  side,  the  malposition  being 
part  of  a  general  situs  viscerum  inversus,  and  but  rarely  unac- 
companied by  other  anomalies.  In  cases  of  fissural  malformation 
of  the  anterior  thoracic  and  abdominal  wall  the  heart  is  not  uncom- 
monly displaced  forwards  (^ectopia  cordis').  The  pericardium  in 
these  cases  may  be  present  or  absent. 

According  to  Thoma,  the  average  weight  of  the  heart  in  the  new-born 
infant  is  20-6  grammes;  at  the  age  of  17,  233-7  grammes;  in  full  manhood, 
303  grammes.  In  women  this  weight  is  about  40  grammes  less.  The  length 
of  the  fully  developed  heart  (Beneke)  is  on  the  average  about  9-0  centimetres, 
the  breadth  10-7  cm.,  the  thickness  3-6  cm.  The  thickness  of  the  right  ventri- 
cular wall  IS  2-0  to  3-0  millimetres ;  that  of  the  left  ventricular  wall,  7-0  to 
8-0  mm.  In  cases  of  hypoplasia  the  volume  of  the  heart  may  be  reduced  by  a 
third  or  more. 

According  to  Beneke,  the  circumference  of  the  ascending  aorta  in  new- 
born infants,  at  its  commencement,  measures  20  mm. ;  in  the  adult,  68  mm  : 
the  circumference  of  the  pulmonary  artery  at  birth  and  in  the  adult  is  23  mm. 
and  65  mm.  respectively.  Above  the  bifurcation  of  the  aorta  into  the  common 
iliac  arteries  the  circumference  in  adults  is  32  mm. 
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CHAPTER   IV 
MOKBID  ALTERATIONS  OF  THE  HEART   AS   A  WHOLE 

6.  Diminution  in  the  size  of  the  heart  depends  essentially 
upon  atrophy  of  its  muscular  and  adipose  tissues,  and  occurs  most 
frequently  in  persons  whose  general  nutrition  is  defective,  and 
whose  blood  is  greatly  reduced  in  amount.  In  senile  marasmus 
and  in  cancerous  cachexia  the  weight  of  the  heart  may  sink  below 
half  the  normal  amount.  The  adipose  layer  of  the  atrophic  heart 
is  almost,  or  even  entirely,  absent,  and  is  replaced  by  a  gelatinous 
translucent  material  resembling  mucous  tissue.  The  vessels  cours- 
ing over  the  surface  of  the  heart  are,  as  the  result  of  the  shrinking 
of  the  underlying  tissue,  more  or  less  tortuous.  The  muscular 
layers,  on  account  of  the  wasting  of  their  muscle-cells,  are 
thinned  and  frequently  coloured  brown,  or  yellowish-brown,  by 
the  formation  of  pigment  and  fat  in  their  substance.  The  cardiac 
cavities  are  small,  and  the  endocardium,  condensed  by  the  con- 
traction of  the  tissue  that  was  formerly  spread  out  over  a  larger 
surface,  is  less  transparent  than  normal. 

Enlargement  of  the  heart,  when  not  due  to  the  presence  of  a 
tumour,  is  caused  either  by  dilatation  of  its  cavities,  by  the  hyper- 
plasia of  its  muscular  structure,  or  by  an  increase  of  the  sub- 
epicardial adipose  tissue. 

Dilatation  of  the  heart  is  often  the  result  of  morbid  changes 
in  its  muscle,  which  make  the  walls  yield  more  readUy  to  pressure 
(fatty  degeneration).  In  other  cases  it  is  caused  by  some  -resist- 
ance to  the  emptying  of  the  heart-cavities  (stenosis  of  the  orifices, 
adhesions  of  the  pericardium,  diseases  of  the  lungs,  especially 
chronic  emphysema  and  pleuritic  adhesions),  or  by  alterations 
of  the  valves,  which,  if  the  ventricles  and  auricles  are  relaxed, 
permit  a  regurgitation  of  blood  from  the  arteries  into  the  ven- 
tricles, and  from  the  ventricles  into  the  auricles  (valvular  insuf- 
ficiency). The  dilatation,  according  to  the  cause  upon  which  it 
is  dependent,  sometimes  affects  only  one  ventricle  or  auricle,  some- 
times the  entire  heart,  and  may  be  so  great  that  the  circumfer- 
ence of  the  heart  reaches  twice  the  normal  measurement  or  even 
more.  Locally  circumscribed  changes  in  the  walls  (ischaemic 
softening  of  the  heart-muscle,  cardiac  scleroses,  Art.  11)  cause 
local  protrusions,  which  are  termed  aneurysms  of  the  heart  ■ 
(Fig.  28). 
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Dilatation  of  the  heart  is  at  first  accompanied  by  thinning  of 
the  walls  of  the  distended  portion ;  but  the  distension  may  be 
combined  with  hypertrophy  of  the  muscular  structure.  This 
occurs  when  the  dilatation  is  produced  by  an  increased  resistance 
to  the  outflow  of  blood  from  the  heart,  or  by  regurgitation  of 
blood  into  the  heart  during  diastole. 

Hypertrophy  of  the  cardiac  muscle  is  the  result  of  per- 
sistent increase  of  the  work  of  the  heart ;  but  this  condition 
induces  true  hypertrophy  only  when  the  demands  upon  the  heart 
do  not  exceed  a  certain  limit  and  the  muscle  is  well  nourished. 
The  causes  of  increased  cardiac  action  are  insufficiency  and  steno- 


FiG.  8.    Hypeetrophy  of  the  left  ventbiole. 

(Produced  btj  insufficiency  and  stenosis  of  the  aortic  valves :  transverse  section :  natu- 
ral size) 
a  left  ventricle  b  right  Tentricle 

sis  of  the  valves  (Art.  9,  Figs.  19  and  20),  abnormal  narrowness 
of  the  arterial  trunks,  destruction  of  renal  tissue  whereby  the 
blood-pressure  within  the  systemic  circulation  is  increased,  dis- 
eases of  the  lungs  (emphysema,  pleuritic  adhesions)  which  in- 
crease the  pressure  in  the  minor  circulation,  adhesions  of  the 
pericardium  to  the  heart  and  lungs,  increase  of  the  total  amount 
of  blood  in  the  body,  nervous  excitement,  and  severe  bodily  exer- 
tion. Idiopathic  hypertrophy  of  the  heart,  in  other  words,  simple 
overgrowth  of  the  heart-muscle  from  internal  causes,  has  not  been 
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shown  to  occur.  The  increase  in  size  of  the  heart-muscle  is  there- 
fore always  symptomatic ;  it  is  dependent  on  increased  work,  from 
whatever  cause  arising.  The  hypertrophy  accordingly  appears 
first  in  that  portion  of  the  heart  which  is  primarily  exposed  to 
the  abnormal  strain.  In  disease  of  the  aortic  valves  and  in  cases 
of  contracted  kidney,  this  portion  is  the  left  ventricle  (Fig.  8  a) ; 
in  insufficiency  and  stenosis  of  the  pulmonary  valves,  and  in  cases 
of  increased  resistance  within  the  pulmonary  circulation,  it  is  the 
right  ventricle. 

Hypertrophy  of  the  heart-muscle  causes  in  the  first  instance  a 
thickening  of  the  auricular  or  the  ventricular  wall  (Fig.  8  a). 
The  trabeculae  and  the  papillary  muscles  share  also  in  the  hyper- 
trophy, and  may  undergo  marked  increase  in  their  circumference. 
The  weight  of  a  hypertrophied  heart  may  reach  twice  the  normal 
amount,  or  even  more  ;  hearts  weighing  600  to  700  grammes  and 
more  are  thus  met  with. 

The  increase  in  the  size  of  the  heart-muscle  is  due  to  hyperplasia 
of  the  individual  muscle-cells.  It  is  difficult  to  determine  whether 
any  increase  in  the  number  of  cells  also  occurs  ;  when  the  hyper- 
trophy takes  place  in  the  first  years  of  life  this  is  not  improbable. 

In  hypertrophied  hearts  the  cavities  are  sometimes  dilated, 
sometimes  normal,  and  sometimes  smaller  than  normal,  present- 
ing the  conditions  known  as  eccentric,  simple,  and  concentric 
hypertrophy,  respectively.  The  dilatation  of  the  heart,  as  a  con- 
sequence of  increased  resistance  to  the  circulation,  may  precede 
the  hypertrophy,  or  takes  place  subsequently  in  an  already  hyper- 
trophied heart,  owing  to  secondary  degeneration  of  the  muscles. 

Lipomatosis  or  fatty  enlargement  of  the  heart  may  be  a  local 
manifestation  of  a  general  deposit  of  fat  over  the  entire  body  ;  it 
is  characterised  by  an  increase  in  the  yeUowish-white  cardiac 
panniculus  adiposus.  More  marked  forms  of  lipomatosis  or  adi- 
posity tend  to  produce  collections  of  fat  in  the  intermuscular  and 
sub-endocardial  connective  structures,  so  that  the  muscular  sub- 
stance is  as  it  were  infiltrated  with  fatty  tissue,  and  a  layer  of  fat 
appears  beneath  the  endocardium.  Marked  lipomatosis  may  im- 
pair the  functional  power  of  the  cardiac  muscle. 
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CHAPTER   V 


MORBID  CHANGES  IN  THE   ENDOCARDIUM 


7.  The  endocardium  is  a  delicate  membrane  lining  the  heart, 
composed  of  connective  tissue,  and  containing  few  blood-vessels. 
The  valvular  segments  are  portions  of  the  endocardium ;  those 
guarding  the  aorta  and  pulmonary  artery  are  devoid  of  vessels, 
while  those  at  the  mitral  and  tricuspid  orifices  are  vascular.  The 
chordae  tendineae  are  provided  with  small  vessels  arising  from 
the  papillary  muscles. 

The  endocardium  is  frequently  the  seat  of  degenerative 
changes,  which  in  most  instances  affect  the  parietal  layer,  and 
in  other  cases  the  valves.  In  the  latter  situation  the  degenera- 
tive change  not  rarely  gives  rise  to  disorder  of  the  valvular 
functions. 

Fatty  degeneration  is  the  most  frequent  of  these  changes. 
This   change   is   manifested   by  the  formation  of  circumscribed 


Fig.  9.    Section  of  fatty  endocardium. 
{Fro7n  the  mitral  valve  of  a  child  dead  of  scurvy :  perosmic  acid  preparation,  mounted 

■in  glycerine :  X  350) 

Fig.  10.    Mucoid  degeneration  op  the  connective  tissue  of  the  aortic  valve. 
{Perosmic  acid  preparation,  from  a  frozen  section  mounted  in  glycerine  :  x  350) 
a    connective  tissue  6    mucoid  tissue 

patches  of  an  opaque  white  colour,  which  are  found  most  com- 
monly on  the  valves,  and  less  frequently  upon  the  parietal  endo- 
cardium. The  fatty  changes  take  place  first  in  the  connective 
tissue,  and  later  in  the  superficial  endothelial  cells,  the  protoplasm 
of  which  appears  beset  with  oil-globules.  In  the  graver  degrees 
of  degeneration  the  interstices  of  the  connective  tissue  are  entirely 
filled  with  od-globules  of  different  sizes  (Fig.  9).  This  condition 
usually  occurs  in  aged  persons  whose  vascular  system  elsewhere 
shows  signs  of  similar  change.     But  it  may  also  occur  in  younger 
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persons,  and  is  found  in  association  with  the  most  varied  diseases, 
such  as  chronic  heart-disease,  anaemia,  marasmus,  toxic  and  infec- 
tive conditions,  and  the  like. 

Mucoid  degeneration  of  the  endocardial  tissue  occurs  chiefly 
in  old  age,  but  it  also  accompanies  morbid  thickening  of  the  valves, 
and  is  almost  entirely  confined  to  them.  It  generally  occurs  in 
patches,  leading  to  the  formation  of  circumscribed  thickenings  and 
prominences  upon  the  free  margins  of  the  valves.  These  patches 
present  a  gelatinous  appearance,  and  are  composed  of  mucoid  tissue 
containing  cells  (Fig.  10  5),  or  of  non-cellular  mucous  substance. 
In  the  former  case  the  texture  of  the  patch  resembles  that  of  the 
gelatinous  tissue  of  the  valves  of  the  foetal  heart. 

The  mucoid  degeneration  is  often  combined  with  fatty  changes; 
thus  one  portion  of  the  valvular  tissue  may  appear  fatty  and 
another  gelatinous,  or  the  cells  of  the  tissue  are  fatty  while  the 
ground-substance  becomes  mucoid. 

Sclerosis  of  the  connective  tissue  of  the  endocardium  is  seen 
chiefly  on  the  free  margins  of  the  valves,  the  condition  being  so 
frequently  met  with  in  old  age  that  it  may  almost  be  regarded  as 
a  physiological  change.  This  condition  leads  to  the  formation  of 
flattened  and  diffuse  thickenings  of  the  valve,  or  to  nodular 
prominences,  within  which  the  tissue  is  dense  and  either  obscurely 
fibrillar  or  quite  homogeneous,  and  contains  few  or  no  cellular 
elements. 

Sclerosis  of  the  valvular  tissue  is  frequently  combined  with 
fatty,  mucoid,  and  calcareous  change,  and  necrotic  disintegration 
of  the  degenerated  tissue  may  ultimately  take  place,  leading  to 
the  formation  of  patches  of  softening.  Ulcers  arise  when  such 
softened  and  degenerated  areas  break  down,  and  in  the  neighbour- 
hood of  these  ulcers  reparative  processes  are  usually  set  up, 
leading  to  infiltration  of  the  tissue  with  leucocytes.  This  com- 
bination of  morbid  changes  is  described  as  atheromatous  de- 
generation ;  it  is  a  frequent  cause  of  valvular  insufficiency  in  the 
aged.  Hard  calcareous  masses  are  sometimes  formed  by  the 
deposit  of  calcium  salts  in  the  neighbourhood  of  the  atheromatous 
patches,  and  in  many  cases  these  masses  seriously  obstruct  the 
movements  of  the  valves. 

When  from  any  cause  the  natural  texture  of  the  surface  layer 
of  the  heart  is  altered,  or  when  it  becomes  rough  or  irregular, 
finely-granular  thrombi  are  apt  to  form  on  the  affected  spots. 
These  take  the  form  of  circumscribed  yellowish  or  reddish 
deposits,  which  are  often  (but  not  quite  correctly)  described 
(Art.  8)  as  endocarditic  vegetations  (Fig.  11  b).  The  deposits 
form  as  a  rule  when  the  circulation  is  irregular  or  weak,  and 
appear  as  small  yellowish  or  reddish-yellow  nodes,  or  as  rough 
warty  masses.  They  are  generally  found  on  the  valves,  both 
about  the  ostial  attachment  and  on  the  free  surface.  If  these 
thrombi  are  not  washed  off   by  the  blood-current,  proliferation 
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takes  places  in  the  underlying  endocardium  (Fig.  11  c)  ;  this 
penetrates  the  thrombus  and  gives  rise  to  a  more  or  less  complete 
substitution  of  cellular  connective  tissue  for  its  substance.  Many 
gradually  increasing  thickenings  of  the  valves  are  no  doubt  the 
result  of  repeated  thromboses  of  this  kind.  Larger  thrombi  may 
undergo  more  or  less  complete  calcareous  infiltration,  and  cases 
occur  in  which  the  valvular  sinuses  of  the  aorta  are  beset  with  a 
number  of  calcified  thrombi  in  the  form  of  irregular  serrated  ex- 
crescences, firmly  adherent  to  the  surface  of  the  valves. 

Slight  amyloid  degeneration  of  the  connective  tissue  of  the 
heart-wall  is  not  infrequently  observed ;  it  occurs  under  the  same 
conditions  as  amyloid  degenerations  of  other  organs.  Degenera- 
tion so  marked  as  to  be  recognisable  without  the  aid  of  the  iodine 
or  methyl-violet  reaction  is  rare,  though  cases  have  been  recorded 
(Heschl,  Zibglbk,  Wild)  ii^i  which  hyaline  patches  and  streaks, 
as  well  as  circumscribed  hyaline  nodules,  had  formed  in  the  con- 
nective tissue  of  the  endocardium  and  in  that  of  the  myocardium 
and  epicardium. 


/   ^ 


-^      ^      /' 


Fig.  11.    Proliferous  growth  of  the  endocardium  with  a  thrombus. 
(From  the  slightly-thickened  and  vascular  aortic  valve  of  a  male  patient,  aged  49 :  prepay 
ration  hardened  in  MUller's  fluid,  stained  with   alum-carmine   and   eosin,  and 
mounted  in  Canada  balsam :  x  60) 
a    hyperplastic  connective  tissue  of  6    granular  thrombi 

valve,  wifh  blood-vessels  c    fibro-cellular  excrescences 

In  rare  cases,  a  combination  of  amyloid  change  with  a  peculiar  hyaline 
degeneration  of  the  connective  tissue  is  observed.  The  tissue  thickens  and 
becomes  completely  hyaline,  and  then  breaks  up  into  translucent  fragments, 
some  portions  yielding  the  characteristic  iodine  or  methyl-violet  reaction,  while 
other  portions  do  not.  By  continuous  extension  of  the  degeneration  through 
the  intermuscular  connective  tissue,  during  which  the  muscle-cells  in  the 
affected  area  disappear,  a  large  portion  of  the  muscular  substance  of  the  heart 
may  be  destroyed.  The  heart-wall  is  thus  converted  into  a  rigid  semi-trans- 
lucent mass,  resembling  the  fat  or  rind  of  boiled  bacon,  and  the  endocardium 
may  at  the  same  time  be  thickly  studded  with  hyaline  granules. 

References  on  Degeneration  of  the  JEndocardium  and  on  the 
Structure  of  the    Valves. 

CoEN :  Vessels  of  the  valves  A.f.  mikrosk  Anat.  xxvn  1886 
Darier  :  Vessels  of  the  valves  A .  de  physiol.  ii  1888 
Heschl:  Amyloid  heart-muscle  Wien.  med.  TFocA.  1870 
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HoNEGGER  :  Changes  in  the  intima  of  the  heart  and  arterial  trunks  Inauq.  Diss. 

^liricn  1882 
Kybek:  Amyloide  Degeneration  Dorpat  1871,  and  V.  A.%1  1880 
Soyka:  Amyloid  heart-musole  Prag.  med.  Woch.  1876 
ViRCHOW:  Gesamm.  Abhandl.  Frankfort  1856 

Wild:  Amyloid  and  hyaline  degeneration  Ziegler's  Beilrage  i  Jena  1885 
Ziegler:  Endooarditic  vegetations  Verh.  Congr.f.  inn.  Med.  Wiesbaden  1888 

8.  By  endocarditis  is  meant  an  inflammatory  disease  of  the 
endocardium,  due  to  the  influence  of  an  ir-pitant  which  has  gained 
access  to  the  blood.  The  valves  are  the"  structures  most  fre- 
quently affected,  although  the  condition  may  be  limited  to  other 
portions  of  the  endocardium. 

Endocarditis  is  frequently  a  secondary  affection,  dependent 
upon  inflammatory  disorders  in  other  organs,  such  as  suppurating 
wounds,  purulent  peritonitis,  and  pneumonia.  Not  infrequently 
however  the  endocarditis  forms  the  first  local  manifestation  of  an 
infection,  the  exciting  agent  of  which  has  left  no  recognisable  traces 
at  the  seat  of  its  entrance  into  the  body.  Embolic  occlusion  of 
certain  vessels,  and  metastatic  inflammations  in  other  organs,  in 
particular  the  kidneys,  spleen,  brain,  and  skin,  ar&^n,ot  infrequently 
associated  with  endocarditis. 

According  to  tligj^searphes  of  Weichselbaum,  Wyssoko- 
Vi^iTscH,  Fkankbl,^anger,  '*#ffe^Mk  KlVes^-^irsootbeg, 
Stern,  Netter,  and  others,  the  causatidlf :  ©f  endocOTdttik  is  not 
always  the  same.  Various  micro-organisms  may  act  as  the  exciting 
cause,  and  among  them  we  find  certain  that  are  known  to  be  asso- 
ciated with  other  organic  diseases,  such  as  traumatic  infections, 
osteomyelitis,  and  pneumonia,  while  some  have  not  yet  been 
correlated  with  any  other  infective  disorder.  Of  the  former  the 
most  important  are  the  Staphylococcus  pyogenes  aureus,  the  Strep- 
tococcus pyogenes,  and  tlie  Diplococcus  pneumoniae ;  while  the 
Staphylococcus  pyogenes  albus,  and  the  Bacillus  pyogenes  foetidus 
(Passet),  seem  to  play  only  a  subordinate  part.  Leyden  and 
others  consider  that  endocarditis  may  be  caused  by  the  Gono- 
coccus.  The  organisms  found  in  connexion  with  endocarditis,  but 
not  as  yet  associated  with  other  organic  diseases,  include  both 
micrococci  and  bacilli.  Thus  Weichselbaum  has  described,  as 
met  with  in  some  cases  of  endocarditis,  Micrococcus  endocarditidis 
rugatus,  Micrococcus  endocarditidis  capsulatus,  Bacillus  endocar- 
ditidis griseus,  Bacillus  endocarditidis  capsulatus,  and  a  bacillus 
which  he  failed  to  cultivate;  and  Frankel  and  Sanger  have 
met  with  a  non-motile  foetid  bacillus. 

According  to  these  authors,  the  experiments  they  have  car- 
ried out  render  it  very  probable  that  all  of  these  bacteria  are 
pathogenic  in  their  nature,  and  that  the  first-named  organisms 
are  certainly  so.  The  aetiological  significance  of  the  others  is 
not  as  yet  established,  and  it  may  well  be  that  their  occurrence  in 
cases  of  endocarditis  is  either  a  post-mortem  phenomenon,  or  is 
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due  to  secondary  settlements  of  the  microbes  in  the  diseased 
tissues  during  life.  Thus,  for  example,  the  presence  of  tuber- 
cle-bacilli in  the  endocarditic  deposits  of  tuberculous  patients 
(CORNIL,  KuNDRAT,  Heller,  Birch-Hirschfeld)  is  very  proba- 
bly due  to  a  secondary  invasion,  though  it  should  be  noted  in  this 
connexion  that  tubercles  are  occasionally  found  on  the  valves,  and 
that  these  may  be  overlaid  with  thrombi.  Not  infrequently  the 
areas  affected  with  endocarditis  contain  at  the  same  time  two,  or 
even  three,  different  forms  of  bacteria. 

The  action  of  the  bacilli  at  their  place  of  settlement  leads  in 
all  cases  to  a  more  or  less  marked  degeneration  of  the  affected 
tissue.     If  the  bacteria  (Fig.  12  b)  extend  from  the  surface,  deep 
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Fig.  12.    Mycotic  endocarditis  of  an  aortic  valve. 

(Staphylococcus  pyogenes  aureus :  preparation  hardened  in  alcohol,  embedded  in  cel- 
loidln,  stained  with  gentian-violet  and  vesuvin,  and  mounted  in  Canada  balsam :  x40) 
n    normal  valve  tissue  d    granular  lamellar  thrombi 

6    colonies  of  micrococci  e     fibrillar  fibrin,  with  leucocytes 

c    necrotic  tissue  containing  no  nuclei        /    red  blood-corpuscles 

into  the  tissue,  the  result  is  in  many  cases  a  somewhat  widely 
extended  necrosis,  so  that  the  tissue  beset  with  bacteria  appears 
to  have  lost  its  nuclei  (Fig.  12  c).  In  consequence  of  the 
changes  which  the  chemico-physical  constitution  of  the  tissue 
undergoes  through  the  growth  and  spread  of  the  bacteria,  thrombi 
very  soon  form  on  the  surface  of  the  affected  areas.  The  thrombi 
mostly  take  the  form  of  finely-granular  flakes  or  films  which  con- 
tain no  cellular  elements.  At  times  leucocytes  and  red  blood- 
corpuscles  may  be  found  attached  to  the  flakes  (Fig.  12  f),  and 
fibrillar  fibrin  is  simultaneously  deposited  on  them  (e).  The 
thrombi  are  thus  composed  of  different  elements,  and  belong  to 
the  'mixed'  variety. 
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On  the  semilunar  valves  of  the  aorta  and  pulmonary  artery, 
which  are  free  from  blood-vessels,  inflammatory  exudations 
appear,  but  only  at  a  later  stage  (Fig.  12).  If,  however,  the 
bacterial  colonies  are  situated  on  the  vascular  portions  of  the 
mitral  and  tricuspid  valves,  an  inflammatory  exudation  quickly 
follows,  and  is  accompanied  bj^  more  or  less  extensive  cellular 
infiltration  of  the  affected  valve-tissue  (Fig.  13  e/). 


Fig.  13.    Mycotic  endocarditis  (pustulosa)  of  the  tricuspid  valve. 

{Folloviing  an  infected  wound  of  the  left  foot,  accompanied  by  haemorrhagic  septic 
pneumonia:  preparation  hardened  in  alcohol,  and,  treated  with  gentian-violet, 
iodine,  and  vesuvin :  X  60) 


a    tissue  of  the  posterior  segment  of  the 

valve 
6    chorda  tendinea 
c    pustular  elevation  on  the  valve 
d    Staphylococcus  pyogenes  aureus 


e    pus-cells  and  staphylococci 
/    pus-cells    unaccompanied    hy  micro- 
cocci 
g    small  abscess 


The  first  change  visible  to  the  naked  eye  consists  of  a  barely- 
perceptible  cloudi- 


ness of  the  affected 
part. 

The  course  and 
issue  of  endocardi- 
tis is  chiefly  de- 
pendent upon  the 
extent  of  the  de- 
generation and  ne- 
crosis to  which  the 
bacteria  give  rise  ; 
but  the  intensity 
of  the  inflamma- 
tory process  which 
has  thus  been 
started,  as  well  as 
the  magnitude  and 
character  of  the  re- 
sulting thrombosis, 


Pig.  14. 


Wabtt  endocakditis  (verrucosa) 
aortic  valve. 


must  also  be  taken  into  consideration. 
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When  the  extent  of  the 
degeneration  and  necrosis 
is  small,  and  the  affected 
area  remains  covered  with 
thrombi  projecting  above 
the  surface  in  the  form  of 
small  wart-like  yellowish 
or  reddish  masses,  single, 
or  in  groups  or  rows,  we 
have  the  variety  known  as 
warty  endoqarditis  (ver- 
rucosa') (Fig.>.14).  When 
the  deposits  aire  extensive, 
„     ,K  ,r  ^       ^„=-A      'a]i#pOlypofti'oT  shaggy  in 

Fig.  15.  Villous  endocarditis  (polypos^.   .^    ■      r     j  f  j^i.- 

(Mitral  valve,  with  recent  enducardittc  thrombi,     appearance,   the    Condition 
seen  from  the  auricle ;  natural  size)  is  called  polypOllS  Or  Vil- 

a  auricular  wall  joug   endocarditis    (Fig. 

0    posterior  segment  of  the  valve  _,_  ,..,.       -.rri^       -irn 

e   thrombus  15  c  and  t  ig.  17  6).    When 

e    auriculo-ventricular  opening  ^j^g    nCCrOSis    is    mOrC    CX- 


FiG.  16.    Ulcerative  endocarditis  or  the  aorta,  showing  ulcers,  valvulab 
perforations,  and  valvular  thrombi. 


a    aorta 

6    pulmonary  artery 

c     valvular  segment  covered  with 

thrombi 
d    perforated  segment  covered  with  thrombi 


(Natural  size) 

e    ulcers  on  the  ventricular  septum 
f    ulcers  on  the  ventricular  surface  of 
the  larger  mitral  segment 
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tensive  and  the  necrotic  tissue  and  the  thrombi  formed  on  it  have 
been  separated,  so  that  ulcerous  excavations  are  visible,  we  have 
an  ulcerous  or  diphtheritic  endocarditis.  Sometimes  the  in- 
fected thrombi  are  cast  off,  and  passing  into  the  circulation  lodge 
elsewhere  in  the  tissues  as  foci  of  suppuration  -.  the  process  may 
then  be  described  as  pyaemic  or  suppurative  endocarditis  (pws- 
tulosa)  (Fig.  13). 

Ulceration  may  be  combined  with  the  formation  of  warty 
thrombi  in  the  most  various  ways.  On  the  margins  of  an  endo- 
carditic  ulcer  (Fig.  16  c  d  and  Fig.  17  &),  new  thrombi  are  apt 
to  form,  but  they  are  usually  larger  and  looser  than  in  endocar- 
ditis verrucosa,  and  often  possess  rather  a  villous  than  a  warty 
appearance. 

As  already  stated,  endocarditis  most  frequently  affects  the  val- 
vular apparatus,  more  rarely  the  parietal  endocardium  of  the  left 
heart,  still  more  rarely  the  endocardium  of  the  right  heart ;  it  is 
most  frequently  observed  in  the  latter  situation  when  the  endo- 
carditis is  due  to  traumatic  infection.  In  the  course  of  left-sided 
valvular  endocarditis,  warty  deposits  may  also  be  formed  on  the 
valves  of  the  right  side  of  the  heart. 


Fig.  17.    Mycotic  endocarditis  (villosa),  with  valvtilar  thrombi,  and  acutb 

valvular  aneurysm. 


a    aorta 


(Natural  size) 
b    valvular  thromljus 


c    aneurysm 


Warty  endocarditis  affects  chiefly  the  free  margins  of  tlie  val- 
vular segments  ;  the  ulcerative  forms  are  less  frequently  confaned 
to  this  situation.  The  ulceration  attacks  different  portions  of  the 
valves,  and  very  frequently  spreads  to  the  chordae  tendmeae,  and 
to  the  walls  of  the  aorta  and  of  the  heart.  When  the  tissue  ot  a 
valvular  segment  is  gradually  destroyed  on  one  side,  the  diseased 
area  sometimes  yields  under  the  pressure  of  the  blood,  and  thus  may 
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be  formed  an  acute  valvular  aneurysm  (Fig.  17  c).  Later  on 
the  segment  may  be  broken  through  (Fig.  16  c  d),  and  valvular 
perforations  and  ruptures  are  then  produced.  Not  infrequently 
the  diseased  chordae  tendineae  are  broken.  The  bacterial  inva- 
sion may  penetrate  deeply  into  the  heart-muscle  and  into  the  wall 
of  the  aorta,  and  lead  to  myocarditis  and  arteritis,  vi^ith  more  or 
less  extensive  ulceration.  The  ulceration  often  causes  much  loss 
of  substance,  leading  to  aneurysmal  bulging  of  the  wall,  and  under 
certain  conditions  to  rupture.  If  at  any  time  the  thrombi  or 
shreds  of  disintegrated  tissue  become  detached  from  the  aifected 
areas,  they  are  carried  away  as  emboli  by  the  circulating  blood, 
and  are  arrested  in  various  organs,  notably  in  the  brain,  spleen, 
and  kidney.  Endocarditis  is  often  associated  with  myocarditis; 
the  latter  being  caused  by  direct  or  indirect  infection  from  the 
blood  (Art.  12). 

The  warty  thombotic  deposits  are  often  referred  to  as  endooarditio  vege- 
tations or  efflorescences,  though  this  term,  at  least  in  so  far  as  it  is  applied  to 
the  early  stages  of  the  process,  is  not  strictly  accurate ;  for  at  first  there  is  no 
true  outgrowth  from  the  endocardium  (Art.  9).  The  term  represents  an  opin- 
ion formerly  held  and  stiU  maintained  by  some,  that  the  warty  elevations  begin 
as  inflammatory  swellings  of  the  endocardium,  that  they  consist  chiefly  of  the 
swollen  endocardial  tissue,  and  that  the  thrombi  which  cover  them  are  secondary 
deposits. 

As  micro-organisms  are  found  only  in  some  of  the  so-called  endooarditio 
vegetations,  it  is  still  a  subject  of  discussion  whether  aU  cases  of  endocarditis 
are  of  bacterial  origin.  If  we  regard  every  thrombotic  deposit  and  the  associ- 
ated proliferation  of  the  underlying  tissue  (Arts.  7  and  9)  as  manifestations  of 
endocarditis,  the  question  must  be  answered  in  the  negative,  for  some  of  the 
thrombi  described  as  vegetations  are  not  primarily  due  to  the  presence  of  bac- 
teria, but  are  found  in  association  with  other  changes  of  the  endocardium. 
In  the  present  state  of  knowledge,  it  is  better  to  reckon  as  cases  of  primary 
acute  endocarditis  those  afEections  of  the  endocardium  only  which  are  referable 
to  bacterial  invasion. 

Valvular  perforations  due  to  inflammation  are  not  to  be  confounded  with 
fenestration  of  the  valves.  This  latter  condition  is  found  not  infrequently  as 
a  congenital  malformation,  or  as  a  consequence  of  loss  of  tissue  in  the  neigh- 
bourhood of  the  free  margins  of  the  semilunar  valves.  To  distinguish  between 
the  two  conditions  the  difference  in  situation  should  be  noted.  Moreover  signs 
of  inflammatory  infiltration,  or  of  fibrous  thickening,  appear  around  the  open- 
mgs  m  the  case  of  valvular  perforations,  but  are  absent  in  cases  of  fenestration. 

9.  When  the  lesion  caused  by  the  presence  of  the  bacteria 
has  reached  a  certain  stage,  along  with  inflammatory  infiltration 
certain  reparative  processes  are  set  up  in  the  adjacent  tissue. 
These  are  chiefly  indicated  by  the  formation  of  germinal  tissue 
(Fig.  18  d),  and  afterwards  of  connective  tissue.  In  the  rela- 
tively benign  warty  forms  of  endocarditis,  the  degenerative  pro- 
cesses extend  over  a  small  area  only,  and  it  seems  that  the  bacteria 
do  not  in  this  instance  penetrate  deeply.  Very  soon,  beneath  the 
nodular  or  loosely  fimbriated  thrombotic  deposit,  the  infiltrated  and 
growing  endocardial  connective  tissue  (Fig.  18  a  6)  rises  above 
the  surface,  and  by  continued  proliferation  extends  (A)  into  the 
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substance  of  the  thrombus  (e  e).  Cases  are  occasionally  met  with 
in  which  the  fibrin  of  the  thrombus  has  thus  to  a  large  extent  given 
place  to  connective  tissue  growing  from  below,  or  is  traversed  from 
base  to  surface  by  strings  of  cells  and  fibrous  strands.  In  this  way 
the  original  thrombotic  deposit  is  displaced  by  an  inflammatory 
granulomatous  growth,  and  this  is  fittingly  described  as  an  endo- 
carditic  vegetation. 

In  ulcerative  endocarditis,  in  which  the  bacteria  extend  deeply 
into  the  tissue  and  cause  necrosis,  the  reparative  process  begins 
only  after  loss  of  substance  has  taken  place,  and  then  starts  in 
the  walls  and  floor  of  the  ulcer.     In  other  respects,  however,  the 


Fig.  18.    Section  through  an  hndocaeditic  vegetation. 
{From  the  auricle :  preparation  hardened  in  alcohol,  stained  with  haematoxylin :  X  150) 

/    colourless    deuucleated    protoplasmic 


a  b  endocardial  and  subendocardial  connec- 
tive tissue,  infiltrated  with  leucocytes 

c    the  vegetation 

d  inflammatory  growth  rising  ahove  the 
endocardial  surface 

e    granular  coagula 


colourless 
masses 
g    finely-granular  masses  ( ?  micrococci) 
h    zone  of  transition  between  the  inflam- 
matory growth   and    the   fibrinous 
thrombus 


process  follows  the  same  course  as  that  just  described,  the  only 
points  of  difference  being  that  the  thrombotic  deposits  are  larger, 
the  inflammatory  infiltration  more  diffuse  and  more  marked,  and 
the  proliferation  more  abundant,  than  in  warty  endocarditis. 

Small  thrombotic  deposits,  provided  they  are  not  broken  off 
and  carried  away  by  the  blood-stream,,  are  as  a  rule  entirely 
replaced  by  connective  tissue.  Of  the  larger  valvular  thrombi 
(Fig.  15  e),  such  as  occur  chiefly  in  ulcerative  endocarditis,  a  con- 
siderable portion  often  remains.  This  becomes  shrunken  and  cal-, 
cified,  and  the  affected  valve  is  thereafter  covered  with  an  adherent 
hard  calcified  and  chalk-like  deposit  (Fig.  19  c,  Fig.  20  6). 
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These  ulcerative  processes,  as  well  as  the  thrombotic  deposits 
and  new  connective-tissue  growths  (provided  they  remain  attached 
to  the  valve  and  attain  an  appreciable  size),  lead  to  deformities 
of  the  valvular  segments  which  interfere  with  their  function,  and 
so  give  rise  to  the  conditions  known  as  stenosis  (Fig.  21  e  and 
Fig.  20)  and  insufficiency  or  incompetence  (Fig.  19  e.  Fig.  20, 
and  Fig.  21  c  e). 

Stenosis  of  a  valvular  orifice  is  due  mainly  to  thickening  and 
rigidity  of  the  valves,  from  adherent  and  calcified  thrombi  (Fig. 
19  e  and  Fig.  20  J),  or  to  coherence  of  adjacent  valvular  seg- 
ments (Fig.  21  d).  The  thickened  chordae  tendineae  (/)  often 
become  adherent  to  the  free  margins  of  the  mitral  and  tricuspid 


Fig.  19.    Postekior  segment  of  the  mitral  valve,  vtith  thickened  and  calci- 
fied THROMBI,   AND  STENOSIS   OF  THE  AURICULO-VENTRICULAR  OPENING. 

{Seen  from  the  auricle :  natural  size) 
a    auricular  wall  c    thrombus,  partly  calcified,  partly  organised 

e    auriculo-ventricular  opening 


6    thickened  posterior  segment 


Fig.  20.    Thickened  and  distorted  aortic  valves. 

(Seen  from  above,  showing  thickened  segments,  with  extensive  partly  organised  and 

partly  calcified  thrombi :  aortic  stenosis :  natural  size) 


a    transverse  section  of  the  aorta  above  the 
valves 


b    calcified  thrombi  in  the  sinuses  of 
Valsalva 


valves,  as  well  as  to  each  other;  so  that  finally  the  valvular 
apparatus  is  reduced  to  a  rigid  funnel,  compressed  from  before 
backward,  and  with  only  a  narrow  slit-like  opening  (Fig.  21  e). 
From  the  mutual  coherence  of  the  segments  guarding  the  aorta  or 
pulmonary  artery,  and  the  presence  thereon  of  calcified  thrombi, 
the  orifice  of  the  vessel  becomes  a  mere  inextensible  slit,  which 
may  be  so  narrow  that  a  goose-quill  can  hardly  be  pushed 
through  it. 
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Insufficiency  arises  chiefly  from  the  shortening  and  deformity 
of  the  valves  (Fig.  21  c),  and  from  the  gradually  increasing  rigid- 
ity of  their  tissue,  which  prevents  the  close  apposition  of  the 
segments.  Ulcerative  destruction  and  rupture  of  the  valvular 
curtains  and  chordae  tendineae  may  of  course  give  rise  in  acute 
fashion  to  insufficiency  of  the  valve. 

If  the  seat  of  the  endocarditis  be  the  parietal  lining  of  the 


Fig.  21.    Aortic  insufficiency  and  mitral  stenosis. 
{Natural  size) 


a    aorta 

6    pulmonary  artery 

c    shortened  and   shrunken  valves  with 

thickened  walls 
d    mitral  valve 


e    stenosed  opening  of  the  mitral  valve 
/   thickened,   shortened,    and    coherent 

chordae  tendineae 
g    papillary  muscle 


heart,  it  leaves  upon  the  affected  area  lustrous  white  indurated 
thickenings,  which  usually  lie  on  the  surface,  but  in  certain  c,ases 
radiate  into  the  neighbouring  muscular  tissue.  Diffuse  or  circum- 
scribed thickenings  maj'^  form  upon  the  chordae  tendineae. 

In  rare  cases,  the  newly-formed  connective  tissue  may  undergo 
cicatricial  contraction,  which  leads  to  stenosis  of  the  heart,  or 
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rather  of  the  conus  arteriosus  of  a  ventricle.  This  condition  is 
apt  to  occur  after  foetal  endocarditis,  and  affects  most  frequently 
the  right  heart ;  but  it  may  supervene  during  extra-uterine  life, 
and  is  then  found  to  involve  the  left  ventricle. 

With  the  replacement  of  a  thrombus  by  connective  tissue,  and 
its  subsequent  calcification,  the  progressive  process  in  general 
comes  to  an  end,  though  in  the  interior  of  the  thickened  valves 
changes  which  modify  the  structure  of  the  new  connective  tissue 
may  for  a  long  time  continue  to  take  place.  Usually  the  tissue- 
cells  and  the  new  blood-vessels  diminish  in  number,  the  texture 
becomes  more  dense,  and  hyaline  degeneration,  fatty  changes,  and 
calcification  often  follow. 

How  long  the  virulent  bacteria  retain  their  vitality  is  not  known, 
but  probably  they  are  quickly  destroyed.  The  appearance  of  new 
deposits  upon  old  thickenings  of  the  valves  is  not  always  dependent 
upon  fresh  settlements  of  bacteria.  Very  frequently  these  de- 
posits are  merely  thrombi  due  to  roughnesses  or  other  superficial 
alterations  of  the  endothelium,  or  to  some  irregularity  of  the  circu- 
lation. Such  formations  are  however  of  considerable  importance, 
inasmuch  as  they  may  lead  to  fresh  proliferation,  and  this  may 
still  further  impair  the  efficiency  of  the  valves. 

The  consequence  of  these  affections  of  the  valves  is  that  the 
circulation  of  the  blood  is  impeded  (Art.  6).  The  difficulty  of 
emptying  the  ventricles,  and  the  regurgitation  of  the  blood  into 
them,  causes  the  vessels  lying  behind  the  diseased  valve  to  be 
overfilled  and  distended.  In  order  to  overcome  the  resulting 
hindrance  to  the  circulation  hypertrophy  of  the  heart-muscle 
developes,  beginning  in  that  part  of  the  organ  which  has  to  drive 
the  blood  through  the  diseased  valve. 
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MORBID  CHANGES  IN  THE  MYOCARDIUM 


10.  Tlie  myocardium  is  composed  chiefly  of  cylindrical 
muscle-cells,  whose  protoplasm  is  to  a  great  extent  differenti- 
ated into  transversely-striated  fibrils;  these  fibrils  are  firmly 
united  together  at  their  ends  or  by  lateral  branches,  and  are 
surrounded  by  a  connective  tissue  containing  blood-vessels. 
Pathological  changes  may  take  place  both  in  the  muscle-cells 
and  in  the  connective  tissue,  but  they  are  more  commonly  met 
with  in  the  former  structures  than  in  the  latter. 

Atrophic  and  degenerative  changes  of  the  muscle-cells  are 
those  that  most  frequently  occur,  and  they  are  often  the  cause 
of  death.  In  such  a  case  death  takes  place  through  paralysis 
of  the  heart. 

Simple  atrophy  of  the  heart-muscle  is  a  frequent  accompani- 
ment of  senile  decay,  and  of  premature  marasmus  due  to  malig- 
nant disease,  pulmonary  tuberculosis,  and  other  affections.  It 
is  indicated  by  a  decrease  in  the  size  of  the  muscle-cells,  and 
often  also  by  a  simultaneous  increase  of  yellow  pigment-granules 
within  them  (Fig.  22),  so  that  the  atrophied  heart-muscle  acquires 
a  brownish  colour,  the  condition  being  spoken  of  as  brown 
atrophy. 

Fatty  degeneration  of  the  heart-muscle  is  apt  to  occur  in  the 
course  of  various  forms  of  poisoning,  of  infective 
diseases,  and  of  long-continued 
fever;  also,  and  very  frequently, 
as  a  consequence  of  chronic  gen- 
eral aad  local  anaemia,  as  in  steno- 
sis of  the  coronary  arteries,  and 
of  general  disorders  of  the  circula- 
tion, as  in  valvular  disease  with 
imperfect  compensation  and  in 
pulmonary  emphysema,  in  which 
the  gaseous  interchanges  neces- 
sary for  the  functional  activity  of 
the  blood  are  interfered  with. 
Histologically,  fatty  degeneration 
is  characterised  by  the  appearance  of  small  oil-globules  in  the 
muscle-cells  (Fig.  23);  these  are  mostly  arranged  in  rows,  and 


Fig.  22.  Brown 
atrophy  of  the 
cardiac  muscle. 

(Teased  preparor 
Hon:  X  350) 


Fig.  23.  Fatty 
degeneration  of 
the  cardiac  mus- 
CLE.      (X  350) 
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in  extreme  cases  may  pervade  the  entire  cell.  Marked  fatty 
change  is  indicated  to  the  eye  by  the  yellowish  colour  imparted 
to  the  heart-muscle. 

In  chronic  fatty  degeneration  of  the  heart,  the  change  often 
appears  in  patches,  and  gives  rise  to  a  yellowish  mottling  of  the 
tissue,  which  is  generally  most  marked  on  the  inner  surface  of 
the  heart-wall,  the  trabeculae,  and  the  papillary  muscles.  The 
mottling  often  recalls  the  grain  of  some  fine  cabinet  wood  or  the 
pattern  of  a  delicately  striated  feather.  When  pigmentation 
accompanies  the  fatty  change  the  tint  becomes  yellowish-brown. 

Granular  and  hyaline  degeneration  of  the  cardiac  muscle, 
often  combined  with  cloudy  swelling  or  fatty  degeneration  of  the 
muscular  fibres,  occur  in  the  course  of  toxic  affections  and  of  the 
infective  fevers  (diphtheria,  typhoid  fever).  They  are  also  met 
with  in  connexion  with  traumatic  injuries,  inflammations,  and 
local  ischaemias  (Art.  11).  These  forms  of  degeneration  may, 
under  certain  conditions,  reach  such  an  intensity  that  the  muscle 
presents  a  dull  non-lustrous  appearance  and  its  section  is  of  a 
grey  or  yellowish  tint.  Hyaline  or  waxy  degeneration  may  be 
combined  with  segmentation  or  rather  fragmentation  of  the  con- 
tractile substance  of  the  muscle  (as  in  diphtheria);  in  such  cases 
the  lines  of  rupture  do  not  always  seem  to  correspond  with  the 
cell-bo  undaries . 

In  dilated  hearts,  whose  substance  is  soft,  flabby,  and  friable, 
the  muscle-cells  are  often  loosened  from  each  other,  the  indi- 
vidual cells  being  then  easily  torn  apart  or  actually  separated  by 
transverse  clefts  (Rbnaut);  this  change  has  been  described  as 
segmentary  myocarditis  (myoeardite  segmentaire).  The  segmen- 
tation or  dissociation  of  the  fibres  is  not  the  manifestation  of  any 
definite  form  of  heart-disease,  but  may  occur  under  the  most 
varied  conditions.  It  is  found,  for  example,  in  persons  who  have 
died  from  ischaemic  softening  or  myomalacia  (Art.  11),  from  cer- 
tain forms  of  poisoning,  and  from  infections,  such  as  typhoid 
fever,  diphtheria,  small-pox,  pyaemia,  and  nephritis ;  and  in  per- 
sons who  have  died  suddenly  from  violence.  It  is  therefore 
probable  that  the  dissociation  of  the  muscle-cells  may  take 
place  partly  by  reason  of  morbid  changes  in  the  muscles  (hyaline 
degeneration),  partly  from  excessive  stimulation  of  their  fibres 
leading  to  some  perverted  mode  of  contraction  (von  Reck- 
linghausen). Thus  in  most  cases  the  actual  segmentation 
probably  takes  place  in  articulo  mortis,  the  degenerative  change 
not  leading  directly  to  the  separation  of  the  fibres,  but  only  pre- 
disposing them  to  rupture.  According  to  Dunin,  when  decom- 
position sets  in  soon  after  death  (owing  to  the  spread  of  the 
Bacillus  coli  within  the  body),  the  cementing  substance  of  the 
muscle-cells  may  speedily  give  way. 

In  hearts  whose  muscle  is  degenerate  large  thrombi  are  often 
found,  particularly  in  the  auricular  appendices  and  in  the  recesses 
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between  the  trabeculae,  whence,  by  continued  deposition,  they 
grow  forward  into  the  cavity  of  the  heart,  and  give  rise  to  the 
so-called  cardiac  polypi.  In  rare  cases  they  form  ball-like  masses 
detached  from  the  surface  of  the  heart. 

Heschl  (Oesterr.  Z.  f.  prakt.  Heilkunde  I860)  and  Roth  {Corresp.  f. 
Schioeizer  Aerzte  1884)  have  described  cases  of  partial  calcification  of  the  heart- 
muscle,  taking"  the  form  of  whitish  points  and  streaks.  Robin  and  Juhel- 
Renoy  (A.  gen.  de  me'd.  1885)  have  described  large  calcareous  deposits  in 
fibroid  patches  or  cicatrices  of  the  heart-wall. 

According  to  Lancereaux,  Iwanowsky,  Putjatin  (Morbid  changes  in 
the  cardiac  ganglia  in  chronic  diseases  of  the  heart  V.  A.74: 1878),  Ott  (Nor- 
mal and  pathological  relations  of  the  cardiac  ganglia  Prag.  Z.  f.  Heitk.  ix 
1888),  and  others,  in  persons  who  have  suffered  from  chronic  heart-disease, 
degenerative  changes  and  fibrous  hyperplasia  may  be  observed  about  the  car- 
diac ganglia  in  the  septum,  in  the  wall  of  the  auricles,  and  at  the  orifices  of  the 
aorta  and  pulmonary  artery.  , 
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11.  Myomalacia  cordis  is  the  name  given  to  softening  of 
the  cardiac  muscle  consequent  on  arterial  anaemia  or  ischaemia,  the 
commonest  causes  of  the  ischaemia  being  sclerosis,  atheroma,  calci- 
fication, and  thrombosis  of  the  coronary  arteries  and  their  branches  ; 
more  rarely  it  may  be  due  to  embolism  of  these  arteries. 

The  appearance  of  the  areas  of  softening  differs  according  to 
their  age  and  the  amount  of  blood  contained  in  them.  Shortly 
after  the  occurrence  of  the  ischaemia  the  patches  are  still  firm,  and 
appear  only  as  dull  yellowish  discolorations  of  the  heart-muscle. 
After  a  time  they  become  softened  and  friable,  and  assume  a  yel- 
lowish-white tint ;  sometimes,  if  the  substance  has  already  soft- 
ened, the  cut  surface  of  a  cross-section  sinks  in  so  as  to  become 
concave. 

If,  in  consequence  of  the  obliteration  or  occlusion  of  the 
arteries,  an  extravasation  of  blood  takes  place  from  the  capillaries, 
a  haemorrhagic  infarct  is 
produced.  The  infarcted 
area  is  at  first  either  uni- 
formly dark-red,  or  mottled 
with  dark-red,  brown,  and 
yellow.  It  may  be  yellow 
in  the  middle  and  red  at  the 
border.  After  a  time  it 
may  become  greyish-yellow, 
greyish-brown,  or  even  of  a 
rusty  tint.  Later  on  both 
the  anaemic  and  the  haemor- 
rhagic areas  take  on  a  grey- 
ish translucent  appearance, 
and  the  surface  retracts 
when  cut. 

The  areas  of  softening 
are  found  most  frequently 
in  the  left  ventricle,  espe- 
cially near  the  apex  on  the 
anterior  or  posterior  wall. 
Occasionally  they  are  found 
in  other  places,  such  as  the 
wall  of  the  right  ventricle 
or  of  one  of  the  auricles, 
though  they  are  very  seldom 
found  in  the  latter  situa- 
tion. In  rare  instances  the 
papillary  muscles  may  be 
the  seat  of  softening ;  under 
certain  conditions  indeed  an  entire  papillary  muscle  may  be  con- 
verted into  a  friable  yellowish  mass,  more  or  less  infiltrated  with 
extravasated  blood.     If  the  softening  extends  to  the  endocardium. 


~a 


Fig.  24. 


EUPTUEE  OF  THE  HEAKT  IN  ABTEBIO- 
SOLEKOTIC    MYOMALACIA. 

branch  of  the  left  coronary  artery,  the  lumen 
of  which  has  been  closed  by  sclerotic  and 
thrombotic  changes 

point  of  rupture 
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thrombi  are  usually  formed  over  the  spot,  in  the  shape  of  flattened 
superficial  deposits  or  of  polypoid  coagula. 

If  the  area  of  softening  is  extensive,  and  involves  the  whole 
or  nearly  the  whole  thickness  of  the  heart- wall,  rupture  of  the 
heart  may  result  (Fig.  24  6),  and  blood  escapes  into  the  pericar- 
dial sac.     The  rent  is  usually  jagged  and  irregular. 

The  tissue-changes  underly- 
^//,ii         .o  ing  the  varying  appearances  oi 

_  {    *  *        I  the  softened  patches .  are  partly 

retrogressive  and  partly  con- 
structive in  their  character.  The 
original  ischaemia  brings  about 
the  destruction  of  numbers  oi 
muscle-cells,  and  consequently 
in  the  yellowish-coloured  areas 
can  be  detected  muscle-fibres  in 
different  stages  of  degeneratior 
and  disintegration  (Fig.  25  6). 
whose  fragments  ultimately  break 
down  into  granular  detritus  (c). 
In  the  case  of  small  lesions,  aftei 
the  disintegration  of  the  muscle- 
cells  the  process  may  come  to  an 
end ;  in  other  cases  furthei 
changes  take  place  in  the  con- 
nective-tissue elements.  These 
changes  are  indicated  by  the  fact 
that  the  cell-nuclei  here  and 
there  no  longer  stain  well  wit! 
reagents  (<i),  while  granular  de- 
posits appear  on  the  pale  and  lus- 
treless connective-tissue  fibrils. 

In  those  cases  in  whict 
haemorrhage  is  associated  witli 
the  destruction  of  the  muscula] 
tissue,  we  find  blood-corpuscles 
both  in  the  meshes  of  the  connective  tissue  and  taking  the  place  oJ 
the  disintegrated  muscular  elements.  These  corpuscles  are  partly 
intact,  and  partly  degenerate.  Later  on  pigment-granules  are 
found  in  the  tissues.  In  cases  of  rupture  of  the  heart  the  cardiac 
wall  in  the  neighbourhood  of  the  rent  is  infiltrated  with  blood. 

Inflammatory  exudations  very  soon  supervene  upon  the  tissue- 
necrosis  and  haemorrhagic  extravasation,  and  regenerative  pro- 
cesses start  from  the  connective  tissue  of  the  neighbouring  parts. 
The  proliferation  leads  to  the  formation  of  granulation-tissue 
with  the  production  of  new  vessels,  while  the  products  of  disin- 
tegration of  the  tissue  and  of  the  blood  are  partly  dissolved  and 
partly  taken  up  by  the  cells  themselves.     Presently  the  inflam- 


Fig.  25.  Myomalacia  cokdis. 
(Section  through  a  degenerating  muscu- 
lar bundle :  preparation  hardened  in 
Mailer's  fluid:  stained  with  haema- 
toxylin  and  carmine,  and  mounted  in 
glycerine :  X  250) 
a    transverse     section    of     a    normal 

muscle-cell 
6    disintegrating  muscle-cell 
c    muscle-cell  resolved  into   granular 

detritus 
d    connective  tissue  devoid  of  nuclei 
e     nucleus  of  normal  muscle-cell 
ei   swollen  nucleus 
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mation,  whose  presence  is  indicated  chiefly  by  the  infiltrated 
leucocytes,  subsides  ;  the  granulations  are  converted  into  con- 
nective tissue,  which  in  the  course  of  time  contracts  and  becomes 
denser,  and  a  fibroid  cicatrix  is  produced  (Fig.  26  c  and  Fig. 
27  a  6).  This  may  be  recognised  by  the  naked  eye  as  a  dense 
whitish  scar-like  patch,  and  is  termed  a  fibroid  induration  or 
sclerosis.  No  regeneration  of  the  disintegrated  muscle  takes 
place  within  the  region  occupied  by  the  scar.  The  muscular 
fibres  sometimes  found  within  the  cicatricial  tissue  are  merely 
pre-existing  fibres  that  have  escaped  destruction. 


Fig.  26.    Fibroid  indukation  op  the  heart. 
{Section  through  a  fibroid  trabecula ;  haematoxylin  staining :  X  40) 

e  dense  connective  tissue  with  few  nu- 
clei and  no  muscle-cells 

/  vein  surrounded  by  a  few  intact  mus- 
cle-cells 

g    small  blood-vessels 

h    cellular  infiltration 


endocardium 

transverse  section  of  a  normal  mus- 
cle-cell 

hyperplastic  connective  tissue  rich 
in  cells 

atrophied  muscle-cells  amid  hyper- 
plastic connective  tissue 


Small  areas  of  softening  naturally  leave  behind  them  small 
patches  of  sclerosis,  which  lie  hidden  in  the  muscle,  giving  rise  to 
no  perceptible  thinning  of  the  wall,  and  causing  no  important 
disturbance  of  the  function  of  the  heart.  They  are  therefore  of 
importance  only  when,  through  the  successive  closure  of  many 
small  arteries,  their  number  is  so  increased  that  the  cardiac  muscle 
is  at  length  studded  with  innumerable  small  patches  of  fibroid 
degeneration. 
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It  not  infrequently  happens,  however,  that  the  area  of  ischaemic 
softening,  and  of  the  resulting  sclerosis,  reaches  considerable  dimen- 
sions (Fig.  27  a  6).  This  most  commonly  occurs  in  the  neigh- 
bourhood of  the  apex  on  the  anterior  wall,  less  frequently  in  the 
posterior  wall,  of  the  left  ventricle,  and  on  the  interventricular 
septum,  where  the  cicatrices  sometimes  involve  the  greater  por- 
tion of  the  wall  of  the  ventricle  (a  6).     That  the  process  chiefly 


a    i 

Fig.  27.    Thrombosis  within  the  heart. 

(Resulting  from  fibroid  induration  and  aneurysmal  bulging  of  the  cardiac  wall :  two- 
thirds  natural  size) 

a    sclerotic  patch  with  thickened  endocardium 
b    fibroid  induration  of  the  myocardium 
c    thrombus 

affects  this  region  is  due  to  the  fact  that  the  descending  branches 
of  the  coronary  arteries  (Fig.  28  a)  are  here  especially  apt  to  be 
constricted  and  occluded. 

If  a  large  portion  of  the  heart-muscle  is  converted  into  cica- 
tricial connective  tissue,  a  partial  bulging  of  the  cardiac  wall  may 
occur,  due  to  the  blood-pressure  upon  the  sclerotic  area  (Fig.  27  b 
and  Fig.  28  6)  ;  in  this  way  is  formed  a  partial  cardiac  aneurysm, 
corresponding  to  the  area  of  the  fibroid  induration.     These  aneur- 
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ysms  are  most  frequently  found  in  the  anterior  wall  of  the  left 
ventricle  above  the  apex ;  they  may  also  be  found  in  the  posterior 
wall  of  the  ventricle,  or  in  the  septum  ventriculorum.  In  the 
latter  situation  they  project  toward  the  right  side  of  the  heart. 
As  a  rule  these  aneurysmal  pouches  are  small,  reaching  about  the 
size  of  a  walnut;  but  in  some  cases  they  attain  a  considerable 
magnitude,  and  lead  to  incomplete  emptying  of  the  blood  from  the 
ventricle  and  to  the  formation  of  thrombi  upon  the  internal  surface 
of  the  depression  (Fig.  27  c) . 
In  certain  conditions  the  tis- 
sue of  the  sclerotic  area  may 
become  calcified  (Robin). 

Haemorrhages  not  de- 
pendent upon  the  obstruc- 
tion of  arteries  rarely  occur 
in  the  cardiac  muscles. 
They  are  however  met  with 
in  patients  who  have  suffered 
from  extreme  venous  en- 
gorgement (as  in  suffoca- 
tion), and  associated  with 
various  infective  diseases, 
with  leukaemia  and  anaemia, 
with  haemorrhagic  purpura 
(morbus  maculosus  WerlhofiP), 
and  with  poisoning  by  phos- 
phorus, arsenic,  morphine, 
etc.  Much  more  frequently, 
in  the  last-named  condi- 
tions, small  ecchymoses  and 
large  suggillations  are  to  be 
found  in  the  endocardial  and 
sub-endocardial  as  well  as  in 
the  epicardial  and  sub-epi- 
cardial  tissues.  If  the  patient 
does  not  die,  the  blood  ef- 
fused is  absorbed. 


Fig.  28.  Partial  cardiac  aneukysm. 

{Resulting  from  arteriosclerotic  myomalacia 
and  fibroid  induration) 

a    coronary  artery,  with  thickened  intima 

and  contracted  lumen 
6    aneurysm 


In  rare  cases,  partial  cardiac  aneurysms  fall  under  observation  which 
have  not  been  preceded  by  fibroid  degeneration  of  the  cardiac  wall.  They  are 
found  most  frequently  in  the  membranous  portion  of  the  septum  ventricu- 
lorum, which  bulges  in  the  direction  of  the  right  heart  and  occasionally  even 
ruptures.  Writers  on  the  subject  attribute  the  abnormal  stretching  of  the.  pars 
membranacea  to  increased  pressure  in  the  left  ventricle,  to  traction  exerted  by 
the  tricuspid  valve,  or  to  atheromatous  and  inflammatory  changes  in  the  sep- 
tum. More  rarely  aneurysms  of  the  right  and  posterior  sinuses  of  Valsalva  are 
observed;  these  bulge  toward  the  right  heart,  and  occasionally  rupture.  In 
very  rare  cases  cardiac  aneurysms  are  met  with  elsewhere,  which  are  caused 
by  congenital  local  thinning  of  the  heart-wall.  Hernial  protrusions  of  the 
endocardium  between  the  muscular  fascicles  of  the  cardiac  wall  are  of  the 
nature  of  congenital  malformations.    , 
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References  on  Myomalacia,  Fibroid  Induration,  and  Aneurysms 
the  Heart  (see  also  Art.  12). 
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II 1888 
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Leyden  :  Coronary  sclerosis  and  its  effects  Z.  f.  klin.  Med.  iii  1884 ;  D.  me 
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ZiEGLEK :   Causes  of  contracted  kidney  D.  A.f.  klin.  Med.  xxv  1879 ;   Myi 

malacia  cordis  V.  A.  QO  1882 

12.  Inflammation  of  the  cardiac  muscle,  or  myocarditii 
other  than  the  secondary  myocarditis  due  to  ischaemic  necrosi 
(Art.  11),  is  caused  chiefly  by  infective  or  toxic  agencies.  I: 
these  cases  the  irritant,  having  reached  the  endocardium  or  th 
pericardium,  penetrates  into  the  underlying  tissue,  or  is  brough 
to  the  muscle  through  the  blood-vessels.  Traumatic  injury  o 
the  heart-wall  may  also  result  in  inflammation. 

Purulent  myocarditis  occurs  in  connexion  with  pyaemi 
infection,  and  is  caused  by  micro-organisms,  which  either  attacl 
the  myocardium  directly  from  the  endocardium,  or  are  brought  t( 
it  by  the  blood-channels  (Fig.  29  a).  Even  in  the  latter  case 
however,  an  ulcerative  endocarditis  is  frequently  the  starting-poin 
of  the  bacterial  invasion,  though  the  condition  may  occur  as  th 
result  of  a  general  infection  of  the  blood.  So  far  as  is  known,  th 
micro-organisms  that  are  brought  to  the  heart-muscle  in  the  bloo( 
are  the  same  as  those  found  in  endocarditis,  and  as  a  rule  the; 
also  find  their  way  to  other  organs,  such  as  the  kidneys.  The® 
micro-organisms  usually  come  from  suppurating  wounds  or  fron 
other  seats  of  bacterial  invasion,  though  in  some  instances  the; 
gain  access  to  the  body  without  leaving  any  recognisable  traces  a" 
their  point  of  entrance.  When  in  some  such  manner  multitude 
of  bacteria  (chiefly  micrococci)  reach  the  heart-muscle,  the  affecte( 
person  may  succumb  speedily,  and  at  the  autopsy  the  cardiac  wal 
is  seen  to  be  beset  with  numerous  small  opaque  greyish-yellov 
spots,  which  represent  bacterial  colonies.  Within  these  the  muscL 
is  degenerate  or  completely  destroyed,  and  in  general  some  degrei 
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of  inflammatory"  infiltration  of  the  tissue  has  already  taken  place 
(Fig.  29  a  J).  If  death  does  not  occur  for  some  time  yellowish- 
white  accumulations  of  pus  may  be  found  in  the  affected  areas  ; 
and  when  the  patient  has  survived  for  a  longer  period  abscesses 
may  be  formed.  Small  deposits  of  pus  may  be  re-absorbed,  and 
leave  scars  or  calcareous  residues.  Larger  abscess-like  accumu- 
lations generally  burst  into  the  heart  or  the  pericardium,  if  the 
patient  survive  so  long,  or  the  whole  wall  may  give  way  and 
cause  rupture  of  the  heart. 


Fig.  29.    Mycotic  myocarditis. 
(From  a  case  of  puerperal  parametritis:  preparation  hardened  in  alcohol,  stained  with 

gentian-violet  and  vesuvin,  and  mounted  in  Canada  balsam :  X  300) 
o    intravascular  colonies  of  Staphylococcus         c    transverse  section  of  muscles 
6    cellular  infiltration  ^    intermuscular  connective  tissue 

Indurative  myocarditis,  leading  to  the  formation  of  scleroses, 
when  it  is  not  a  consequence  of  ischaemic  softening  (Art.  11),  is 
likewise  caused  by  specific  infections  and  intoxications  (often  by 
those  of  diphtheria,  scarlet  fever,  typhoid  fever,  small-pox,  and 
pneumonia)  ;  it  may  also  be  the  terminal  stage  of  an  infection 
due  to  pyogenic  micrococci,  as  these  microbes  do  not  invariably 
set  up  suppuration.  The  bacterial  poison  acts  partly  by  causing 
degeneration  of  the  muscle-cells  (Art.  10)  and  partly  by  inducing 
alterations  in  the  vessel-walls,  leading  to  the  formation  of  inflam- 
matory infiltrations,  in  which  connective-tissue  proliferation  may 
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later  on  take  place.  If  a  considerable  portion  of  the  muscle  pe: 
ishes  in  this  way,  cardiac  scleroses  are  ultimately  formed  whic 
are  similar  to  those  found  after  ischaemic  softening  (Art.  11^ 
They  are  usually  however  of  small  size,  and  form  mere  specl 
or  streaks  of  scar-tissue.  Should  they  attain  any  considerable  ej 
tent,  they  are  commonly  combined  with  fibroid  thickenings  of  th 
endocardium.  They  rarely  give  rise  to  the  formation  of  cardia 
aneurysms. 

In  hearts  that  have  undergone  morbid  changes  as  the  result  c 
antecedent  endocarditis,  scattered  areas  of  sclerosis  may  often  b 
found  in  large  numbers.  These  are  situated  in  the  subendc 
cardial  tissue,  or  in  the  cardiac  muscle  itself.  Consequently  i 
may  be  assumed  that  the  injurious  agencies  which  induce  endc 
carditis  affect  also  the  myocardium,  giving  rise  in  it  to  inflam 
mation,  muscular  degeneration,  and  fibrous  hyperplasia.  Sligh 
degrees  of  inflammation,  from  infection  or  poisoning,  may  be  re 
covered  from  without  giving  rise  to  loss  of  muscular  substance  o 
to  indurative  changes. 

Wounds  of  the  myocardium,  if  they  remain  aseptic,  heal  b- 
proliferation  of  connective  tissue,  and  cicatrices  are  thus  forme( 
in  the  muscle.  No  regeneration  of  muscular  tissue,  or  at  most  ; 
very  slight  regeneration,  takes  place.  The  first  results  of  trau 
matic  injury  here,  as  elsewhere,  are  haemorrhage  and  inflammatory 
reaction. 

References  on  Myocarditis  and  Wounds  of  the  Heart  (see  also 
Arts.  10,  11). 

Bard  and  Philippe  :  Chronic  interstitial  myocarditis  Rev.  de  med.  xi  1891 
Berent  :  Healing  of  cardiac  -wounds  Inaug.  Diss.  Konigsberg  1892 
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CHAPTER   VII 

INFECTIVE     GRANULOMATA,    TUMOURS,    AND    PARASITES    OF 

THE   HEART 

13.  Tubercle  is  the  commonest  of  the  infective  granulomata 
affecting  the  heart.  In  acute  miliary  tuberculosis  the  heart  does 
not  always  escape  the  general  invasion,  the  tubercles  being  usu- 
ally found  beneath  the  endocardium  of  the  right  ventricle.  Large 
caseous  nodes,  and  diffuse  fibroid  and  caseous  inflammatory  areas, 
are  not  of  frequent  occurrence,  and  when  present  are  usually 
associated  with  chronic  tuberculous  pericarditis ;  it  is  but  rarely 
that  they  are  limited  to  the  myocardium  or  the  endocardium. 

Syphilitic  gummata  are  very  rare.  They  lie  in  the  heart- 
wall  embedded  in  dense  hyperplastic  fibrous  tissue,  and  according 
to  their  stage  of  development  appear  as  soft  grey  or  greyish-red 
patches  or  as  dry  caseous  yellowish  nodes,  which  may  break 
into  the  cavities  of  the  heart.  Simple  inflammatory  indurations 
of  the  cardiac  muscle  occur  somewhat  more  frequently,  as  a  con- 
sequence of  inherited  or  acquired  syphilis;  though  some  of  the 
lesions  which  are  described  as  syphilitic  inflammations  should 
rather  be  classed  with  the  arterio-sclerotic  indurations  (Art.  11). 
Syphilitic  inflammation  of  the  valves  is  very  rare.  In  hereditary 
syphilis  gummatous  masses  are  very  rarely  found  in  the  heart, 
fatty  degeneration  of  the  muscles  being  a  more  frequent  lesion. 

In  actinomycosis  of  the  lungs  and  of  the  mediastinum  the 
specific  infection  may  attack  the  pericardium  first  and  then  the 
myocardium.  It  leads  to  the  formation  of  greyish  granulations, 
which  afterwards  become  fatty  and  yellowish-white  in  colour  and 
sometimes  suppurate. 

Among  the  primary  tumours  met  with  in  the  heart  are  sar- 
coma, lympho-sarcoma,  fibroma,  lipoma,  myxoma,  and  rhabdomy- 
oma. These  form  nodular  or  polypoid  growths  that  extend  into 
the  cavities  of  the  heart.  They  are  all  rare.  Some  of  the  cardiac 
tumours  described  are  of  congenital  origin. 

Secondary  tumours,  especially  carcinomatous  growths,  are 
found  somewhat  more  frequently.  The  cancer-germs,  other  than 
those  which  penetrate  to  the  heart-wall  from  the  pericardium, 
reach  the  muscle  by  way  of  the  circulation.  The  growths  may  be 
found  in  the  midst  of  the  cardiac  muscle,  or  near  its  inner  or 
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outer  surface.  In  the  latter  case  they  are  apt  to  protrude  int 
the  cardiac  or  the  pericardial  cavity. 

Tumours  also  attack  the  heart  by  extension  from  neighbourmi 
parts,  such  as  the  mediastinum,  the  oesophagus,  the  stomach,  am 
the  lungs. 

The  effect  of  such  tumours  on  the  heart  naturally  varies  wit] 
their  size  and  situation.  Large  growths  may  lead  ultimately  t 
inefficiency  of  the  heart's  action.  Thrombi  readily  form  upo] 
tumours  which  project  into  the  internal  cavities.  Softening  an( 
ulceration  of  new  growths  may  lead  to  rupture  of  the  heart._ 

Of  parasites  Cysticercus  and  Echinococcus  are  met  with  in  th 
heart.  Uchinococcus  (hydatids)  may  lead  to  rupture  of  the  heart 
and  by  bursting  into  its  cavities  give  rise  to  embolism  of  the  sys 
temic  or  pulmonary  arteries. 
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CHAPTER  VIII 
MORBID  CHANGES  IN  THE  PERICARDIUM 

14.  The  pericardium  is  one  of  the  serous  membranes,  that  line 
the  body-cavities  and  mark  them  off  from  the  contiguous  organs 
and  tissues.  On  its  inner  surface  it  is  covered  with  flattened 
endothelial  cells,  resting  upon  a  stratum  of  connective  tissue. 
Normally  it  is  a  closed  sac,  in  which  the  heart  is  as  it  were  invag- 
inated,  and  contains  within  its  cavity  from  5  to  20  cubic  centi- 
metres or  more  of  a  clear  liquid. 

Occasionally  it  is  found  that  the  pericardium  is  more  or  less 
defective.  The  defects  occur  most  frequently  in  cases  of  ectopia ; 
it  is  only  in  rare  cases  that  they  are  unaccompanied  by  other  mal- 
formations. Cases  are  recorded  in  which  the  pericardium  was 
entirely  wanting,  or  reduced  to  a  mere  fringe  at  the  base  of  the 
heart.  Sometimes  there  may  be  a  hole  on  the  left  side,  which 
allows  the  apex  of  the  heart  to  project  into  the  left  pleural  cavity. 
Diverticula  of  the  pericardium  are  very  rare. 

In  cases  of  venous  engorgement  the  superficial  veins  of  the  heart 
are  often  markedly  overfilled,  and  after  long-continued  venous  ob- 
struction they  may  become  abnormally  distended  and  varicose. 

In  extreme  venous  hyperaemia,  such  as  occurs  in  suffocation, 
haemorrhages  are  often  observed  in  the  neighbourhood  of  the 
minor  epicardial  vessels,  in  the  form  of  small  dark-red  ecchymoses. 
These  are  often  present  in  large  numbers,  especially  over  the  base 
of  the  heart.  Similar  ecchymoses  also  occur  in  phosphorus-poison- 
ing and  in  certain  infective  disorders,  as  well  as  in  scurvy,  purpura, 
leukaemia,  and  anaemia.  They  may  under  certain  conditions 
reach  a  large  size. 

In  cases  of  rupture  of  the  heart,  of  the  first  part  of  the  aorta  or 
pulmonary  arter3%  or  of  the  branches  of  the  coronary  arteries,  large 
quantities  of  blood  may  accumulate  in  the  pericardial  sac,  producing 
the  condition  which  is  known  as  haemo-pericardium.  Haemor- 
rhages often  occur  in  the  pericardial  cavity  from  the  rupture  of  the 
new  blood-vessels  formed  in  the  course  of  inflammatory  processes ; 
in  this  case  the  blood  is  usually  mixed  with  liquid  exudations. 

In  chronic  venous  engorgement  the  pericardial  sac  is  sometimes 
the  seat  of  passive  dropsy,  and  may  then  contain  a  very  large 
quantity  of  liquid,  which  markedly  distends  the  sac  and  pro- 
duces a  condition  referred  to  as  hydro-pericardium. 
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References  on  Malformations  of  the  Pericardium. 
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Chiari:  Absence  of  parietal  layer  Wien.  med.  Woch.  1880 
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15.  The  most  important  affection  of  the  pericardial  sac  is  the 
inflammatory  lesion  known  as  pericarditis.  This  manifests  itself 
in  different  ways.  In  the  majority  of  cases  it  is  of  haematogenoiis 
origin,  in  other  words  the 
exciting  agent  is  brought 
to  the  pericardium  by  the 
blood,  as  in  pericarditis 
accompanying  acute  artic- 
ular rheumatism,  small- 
pox, scarlatina,  nephritis, 
etc.  In  other  cases  the  in- 
flammation begins  in  the 
mediastinum,  in  the  lungs, 
in  the  pleura,  in  the  me- 
diastinal or  peribronchial 
lymph-glands,  in  the 
oesophagus,  in  one  of  the 
neighbouring  organs  of 
the  abdominal  cavity,  or 
in  the  heart  itself,  and 
from  these  extends  to  the 
pericardium.  Among  the 
micro-organisms  which 
cause  pericarditis  are  the 
pyogenic  micrococci,  the 
diplococcus  of  pneumonia, 
and  the  tubercle-bacillus; 
but  the  presence  of  micro- 
organisms cannot  be  de- 
monstrated in  all  cases  of 
pericarditis. 

In  the  less  severe  forms 
of  inflammation  the  peri- 
cardial liquid  increases 
somewhat  in  quantity,  and 
becomes  slightly  turbid. 
The  turbidity  is  due  to  extravasated  leucocytes  and  desquamated 
endothelium.  These  changes  are,  however,  rarely  the  only  ones 
observed,  as  the  pericardium  is  specially  liable  to  the  formation 
of  fibrinous  exudations.  Minute  fibrinous  coagula  usually  make 
their  appearance,  and  when  the  inflammation  is  slight  cohere  into 


Fig.  30.    Cor  villosum. 
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small  granules.  These  granules  are  deposited  upon  the  peri- 
cardium, and  give  rise  to  a  cloudiness  of  its  surface,  which  is 
rendered  very  obvious  by  scraping  the  heart  with  the  blade  of  a 
knife.  The  fibrinous  masses  are  partly  granular  and  partly  hya- 
line, the  underlying  endothelium  being  usually  converted  into 
denucleated  flakes  or  plates.  The  deposits  are  found  chiefly  on 
the  epicardium,  and  generally  upon  the  posterior  wall  of  the  ven- 
tricles ;  in  other  cases  they  are  spread  over  the  entire  surface  of 
the  heart.  Even  in  these  slighter  forms,  therefore,  the  peri- 
carditis is  a  sero-fibrinous  inflammation. 

If  the  inflammation  be  somewhat  more  severe,  a  large  amount 
of  fibrin  is  deposited  upon  the  surface  of  the  pericardium. 
Here  and  there  occur  large  and  protuberant  tenacious  masses  of 

fibrin,  of  a  whitish 
>/  j.^^.       „    *i  .,«=«»..__         colour,  the  super- 

ficial strata  of 
which  are  shaggy, 
reticulate,  or  cor- 
rugated, a  condi- 
tion known  as  cor 
villosum  (Fig. 
30).  Frequently, 
from  the  presence 
in  them  of  extrav- 
asated  red  blood- 
corpuscles,  these 
deposits  of  fibrin 
are  reddish  in 
colour. 

The  amount  of 
exuded  liquid 
found  in  the  peri- 
cardial sac  varies 
at  different  pe- 
riods in  the  course 
of  the  inflammation,  being  sometimes  large  and  sometimes  in- 
considerable. If  the  quantity  is  not  great,  it  often  happens 
that  the  deposits  of  fibrin  upon  the  two  contiguous  surfaces  of 
the  pericardium  cohere,  and  thus  give  rise  to  more  or  less  firm 
adhesions. 

In  the  first  stages  of  the  inflammatory  process  the  pericardial 
connective  tissue  (Fig.  31  a)  is  more  or  less  infiltrated  with  leuco- 
cytes (d'),  the  lymph-vessels  (e)  are  filled  with  exudations,  and 
the  blood-vessels  (c)  are  distended  with  blood.  From  the  third 
to  the  fourth  day  numerous  vascular  buds  and  loops  appear  upon 
the  surface  of  the  pericardium  ;  these  penetrate  into  the  deeper 
layers  of  the  fibrin,  and  are  quickly  converted  into  blood-vessels 
containing  blood.     At  the  same  time  large  formative  cells  appear 


Fig.  31.    Adhesive  pericarditis. 

{Preparation  hardened  in  MUUer's  fluid,  stained  with  haemon 
toxylin  and  neutral  carmine,  and  mounted  in  Canada 
balsam :  X  150) 

a    the  epicardium 
6    fibrinous  membrane  overlying  it 
c    dilated  and  congested  blood-vessels 
d    leucocytes  infiltrating  the  tissues 

lymph-vessels  filled  with  cells  and  coagula 


/    formative  cells  within  the  deposit 


ART.  15] 


PEEICAKDIAL   ADHESIONS 


61 


in  the  deeper  layers  of  the  fibrinous  deposit,  together  with  nume- 
rous leucocytes  (/).  The  formative  cells  are  round,  club-shaped, 
spindle-shaped,  or  branched,  and  are  disposed  in  layers.  By  the 
mutual  apposition  and  cohesion  of  these  cells  a  germinal  cellular 
tissue  is  formed  (plastic  or  adhesive  pericarditis). 

In  the  course  of  the  next  few  weeks  a  highly  vascular  granu- 
lation-tissue (Fig.  32  d)  is  formed,  which  encroaches  on  and 
penetrates  the  deposited  fibrin  (c),  ultimately  causing  it  to  dis- 
appear. In  this 
way  the  fibrin  is 
at  length  replaced 
by  new-formed  cel- 
lular tissue,  and 
this  in  turn  is  con- 
verted into  cica- 
tricial connective 
tissue. 

If  the  exuda- 
tion be  scanty,  and 
the  newly-formed 
tissue  be  confined 
to  definite  areas, 
the  process  results 
in  the  formation 
of  lustrous  whitish 
fibroid  patches  up- 
on the  surface  of 
the  heart.  Such 
areas  are  usually 
described  as  milk- 
spots,  or  maculae 
tendineae.  At  times 
only  a  single  spot 
is  formed;  in  other 
cases  the  entire 
surface  of  the  ven- 
tricles, of  the  auri- 
cles, and  of  the 
large  blood-vessels 
is  covered  with 
spots  of  various  sizes.  Filamentous  or  stringy  adhesions  be- 
tween the  visceral  and  parietal  layers  of  the  pericardium  are 
often  formed  here  and  there,  and  thread-like  processes  are 
sometimes  found  attached  to  the  milk-spots.  These  are  to  be 
regarded  as  the  ruptured  remains  of  former  adhesions  to  the 
opposite  pericardial  wall. 

If  the  amount  of  fibrinous  exudation  thrown  out  in  the  course 
of  the  pericarditis  be  very  considerable,  and  if  the  inflammatory 
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FlG.  32.      GRANUIiATIOS-TISSUE    FOKMED    WITHIN    A    FIBRI- 
NOUS PEBICABDITIC  DEPOSIT  OF  SOME  WEEKS'  DURATION. 

(Preparation  hardened  in  Miiller's  fluid,  stained  with  hae- 
matoxylin  and  eosin,  and  mounted  in  Canada  bal- 
sam :  X  45) 

a  epicardium  6  deposit  upon  the  epicardium,  composed 

of  granulation-tissue  d  and  fibrin  c 
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process  and  the  associated  formation  of  new  tissue  continue  for 
any  length  of  time  (Fig.  32  S),  the  superficial  deposits  and  the 
fibrous  adhesions  between  the  layers  of  the  pericardium  become 
very  numerous,  and  the  process  is  then  usually  referred  to  as  adhe- 
sive pericarditis,  a  term  that  is  of  course  also  applicable  to  the 
more  circumscribed  adhesions  just  described.  With  the  increase 
in  the  number  and  density  of  these  fibrous  adhesions,  the  peri- 
cardial sac  grows  smaller  and  smaller,  until  at  length  complete 
coherence,  or  concretio  pericardii,  leads  to  entire  obliteration, 
of  the  pericardial  cavity. 

In  the  majority  of  cases  the  whole  of  the  liquid  and  solid 
exudation  is  re-absorbed,  though  here  and  there  remnants  of 
fibrin  may  remain  behind  as  dry  caseous  deposits,  which  later 
on  undergo  calcification.  The  newly-formed  connective  tissue 
may  also  become  more  or  less  infiltrated  with  calcareous  salts, 
forming  hard  plates  and  scales,  which  in  certain  cases  surround 
the  heart  as  with  a  coat'  of  maU. 

In  mild  cases  of  pericardial  inflammation,  the  neighbouring 
parts  remain  unaffected,  provided  they  themselves  have  not  been 
the  starting-point  of  the  inflammation.  In  severe  inflammations 
the  pleura  and  the  tissues  of  the  mediastinum  maybe  involved 
in  the  process,  and  thus  adhesive  pleurisy,  with  indurative  medi- 
astinitis,  is  set  up.  These  lead  to  the  formation  of  pleural  adhe- 
sions, and  to  fibroid  thickening  of  the  mediastinal  tissue. 

The  pericardial  inflammatory  process  may,  in  certain  circum- 
stances, assume  from  the  outset  a  purulent  or  sero-purulent  char- 
acter ;  and  we  have  thus  a  purulent  or  a  sero-purulent  pericar- 
ditis. This  occurs  as  a  rule  in  connexion  with  pyaemic  infection, 
or  by  extension  from  pleural  and  mediastinal  suppurations  or 
from  ulcerative  processes  affecting  the  bronchial  lymph-glands, 
the  oesophagus,  the  stomach,  etc.  Under  similar  conditions,  and 
in  oases  of  rheumatism,  nephritis,  etc.,  fibrino-purulent  pericar- 
ditis is  occasionally  met  with,  the  exudation  being  turbid  with 
pus-cells  and  yellowish-white  flakes  composed  of  pus  and  fibrin. 

If  the  patient  does  not  die,  the  process  terminates  by  the  re- 
absorption  of  the  exuded  matters.  This  is  accompanied  by  the 
formation  of  new  connective  tissue,  which  issues  in  thickening 
and  adhesion  of  the  pericardium.  Purulent  exudations  may  in 
like  circumstances  become  inspissated  and  then  undergo  calcifica- 
tion. Very  extensive  suppuration  of  the  pericardial  tissue  itself 
is  rare  ;  but  on  the  other  hand  the  suppurative  process  often 
spreads  by  continuity  to  neighbouring  tissues. 

By  the  rupture  of  ulcers  of  the  oesophagus  and  of  the  stomach, 
as  well  as  by  traumatic  laceration  of  the  pericardium,  air  may 
enter  its  cavity,  a  condition  described  as  pneumo-pericardium. 
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References  on  Pericarditis. 
Bambergek  :   Wien.  med.  Woch.  1872 

Banti  :  Aetiology  of  pericarditis  B.  med.  Woch.  1888;  Uraemic  pericarditis 

Cent./,  allg.  Path,  v  1894  ^ 

Bauek  :  Diseases  of  the  pericardium  Ziemssen's  Cyclop,  vi  1876 
Cerp:  Pericardial  adhesions  Inaug.  Diss.  Ziirich  1875 
Feierabend  :  Calcification  Wien.  med.  Woch.  1866 
Gould  :  Calcification  Trans.  Path.  Soc.  xxviii  London  1877 
GuTTMANN :  Berl.  klin.  Woch.  1880 
MiJLLER:  D.  A.f.  klin.  Med.  xxiv 
Neumann:  A.f.  mikrosk.  Anat.  xviii 
ElBGEL  :   Gerhardt's  Handb.  d.  Kinderkr.  iv 
Zahn  :  Purulent  pericaTditis  V.  A.  12  1878 

16.  Among  the  infective  granulomata  of  the  pericardium 
tuberculosis  is  the  most  common.  This  condition  is  usually  due 
to  tuberculous  infection  of  the  neighbouring  organs,  the  lungs, 
the  pleurae,  or  the  peribronchial  and  mediastinal  lymph-glands. 
Tubercle-bacilli  may  however  reach  the  pericardium  by  way  of 
the  circulation  also. 

Slight  degrees  of  infection  are  indicated  by  the  formation  of 
grey  tubercles,  which  are  usually  to  be  found  on  a  part  only  of 
the  inner  surface  of  the  pericardium.  The  area  around  the 
tubercle  is  generally  hyperaemic  ;  and  not  infrequently  a  delicate 
gelatinous  cellular  tissue,  traversed  by  newly-formed  vessels,  is 
there  produced.  The  pericardial  liquid  is  usually  more  or  less 
increased  in  quantity  and  is  at  times  blood-stained.  From  rup- 
ture into  the  pericardium  of  neighbouring  caseous  nodes,  the  ex- 
udation sometimes  becomes  purulent  in  character. 

In  cases  of  advanced  tuberculosis  the  tubercles  are  more 
abundant,  and  usually  extend  over  the  entire  surface  of  the 
heart.  At  the  same  time  agglomerations  of  tubercles  and  cheesy 
nodes  of  different  sizes  are  formed,  and  these  usually  lie  in  a  mass 
of  greyish-red  vascular  granulation-tissue.  The  cavity  of  the 
pericardium  contains  an  abundant  sero-sanguineous  exudation, 
generally  accompanied  by  fibrinous  deposits  by  which  the  tuber- 
cles may  be  to  some  extent  covered  over,  so  that  the  course  of  the 
disease  is  that  of  a  fibrinous  pericarditis.  The  pericardial  layers 
are  more  or  less  extensively,  at  times  entirely,  coherent,  being 
united  by  a  continuous  greyish  semi-translucent  film  of  granula- 
tions and  connective  tissue,  which  contains  grey  and  cheesy 
tubercles,  and  larger  caseous  agglomerations  of  these. 

In  actinomycosis  of  the  lungs  and  mediastinum  the  peri- 
cardium may  be  permeated  by  granulations  undergoing  fatty 
degeneration,  while  its  cavity  is  filled  with  a  purulent  or  fibrino- 
purulent  exudation. 

Syphilitic  inflammation  of  the  pericardium  is  very  rare,  and 
is  usually  associated  with  syphilis  of  the  myocardium  ;  it  leads  to 
the  formation  of  pericardial  adhesions. 
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Primary  tumours  of  the  pericardium  are  extremely  rare. 
Secondary  growths  are  somewhat  more  common,  and  inyade 
the  pericardium  either  from  the  lungs  and  mediastinum,  or  the 
oesophagus  and  stomach,  or  by  metastasis  from  more  distant 
organs.  Among  those  most  frequently  found  invading  the  mem- 
brane are  lymph o-sarcoma  of  the  mediastinum  and  carcinoma  of 
the  oesophagus  and  of  the  stomach. 

Of  the  animal  parasites  occurring  in  the  pericardium,  Oysti- 
cercus,  JEchinococcus,  and  Trichina  are  those  most  frequently  re- 
corded. 

References  on  Tuberculosis  and  Syphilis  of  the  Pericardium. 

EiCHHORST  :  Tuberculous  pericarditis  Charke-Ann.  ii  1875 

Hayem  and  Tissier  :  Tuberculous  pericarditis  Rev.  de  me'd.  ix  1889 

Kast  :  Purulent  pericarditis  in  tuberculosis  of  mediastinal  glands  V.  A.  96 

1884 
Leudet  I  A .  gen.  de  me'd.  ii  1862 

MiiACEK :  Syphilis  of  the  heart  A .  f.  Dermal,  suppl.  1893  (with  references) 
Proust  :  Gaz.  me'd.  de  Paris  1865 
RiEGEL :  Gerhardt's  Handb.  d.  Kinderkr.  iv 
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CHAPTER  IX 


MORBID   CHANGES  IN   THE   ARTERIES 


17.  Atrophy  of  the  arterial  walls,  which  may  be  wide-spread, 
occurs  in  association  with  chronic  anaemia  and  general  marasmus, 
as  well  as  with  atrophy  of  individual  organs.  Thus  after  the 
amputation  of  a  limb  the  arterial  trunks  of  the  stump  become 
of  smaller  size.  Partial  disappearance  of  some  of  the  component 
parts  of  the  vessel-wall,  of  the  muscular  fibres  for  example,  takes 
place  as  a  consequence  of  inflammatory  or  degenerative  conditions 
affecting  it,,  and  also  of  abnormal  distension  of  the  vessel. 

Fatty  degeneration  of  the  intima  of  the  arteries  is  mani- 
fested by  the  appearance  of  opaque 
whitish  or  yellowish-white  spots  on  its 
surface,  and  is  very  frequently  found 
post  mortem  in  the  larger  vessels  (Fig. 
33),  as  well  as  in  the  small  arteries  and 
capillaries  (Fig.  34). 


Fig.  33.    Fatty  degenekation  of  the  cells  of  the  intima  of  the  aokta, 
viewed  from  the  flat  surface. 

Fig.  34.    Fatty  degeneration  of  a  cerebral  capillary. 
{Perosmic  acid  preparation :  x  350) 

The  process  begins  with  a  fatty  degeneration  of  the  endo- 
thelial cells,  which  become  (Figs.  33  and  34)  filled  with  globules 
of  oil.  The  endothelium  sometimes  becomes  detached,  and  is 
carried  off  into  the  circulation.  In  extreme  fatty  degeneration  of 
the  deeper  layers  of  the  intima,  small  areas  of  disintegration  are 
formed,  and  these  may  become  a  nucleus  for  the  accumulation 
of  cells,  which  take  up  into  their  substance  some  of  the  oil- 
globules.     Proliferation  may  also  take  place  around  such  areas. 

The  causes  of  the  fatty  change  are  to  be  sought  in  disturbances 
of  the  circulation,  changes  in  the  composition  of  the  blood,  and 
the  presence  of  poisonous  substances  in  the  circulation. 
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Fatty  degeneration  of  the  media  attacks  chiefly  the  muscle- 
cells.  From  the  resulting  diminution  of  the  strength  of  the 
media  rupture  of  the  artery  may  occur.  Calcareous  infiltration  is 
often  associated  with  fatty  degeneration,  the  blood-vessel  thereby 
losing  its  elasticity  and  becoming  rigid. 

Amyloid  degeneration  is  of  common  occurrence  in  the  arter- 
ies, the  vascular  system  being  especially  prone  to  be  affected  by 
this  change.  The  degeneration  is  particularly  noticeable  in  the 
intima  of  the  large  blood-vessels,  and  in  the  media  and  sometimes 
in  the  adventitia  of  the  smaller  vessels. 

Hyaline  degeneration  of  the  arteries  first  appears  in  the 
intima  of  the  vessels  of  large  calibre,  the  connective  tissue  being 
rendered  homogeneous  and  losing  its  nuclei.  A  second  variety 
of  homogeneous  degeneration  of  the  vessels  is  well  seen  in  the 
smallest  arteries  and  capillaries  (Fig.  35  a  S),  and  occurs  with 
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Fig.  35.    Hyaline  degeneration  of  the  blood-vessels  of  an  atrophic 

lymph-gland. 

(Preparation  hardened  in  alcohol,  stained  vnth  alum-carmine  and  picric  acid,  and 

mounted  in  Canada  balsam  :  x  200) 

a    hyaline  vessel,  lumen  still  patent  b    hyaline  vessel,  completely  occluded 

Fig.  36.    Commencing  calcification  of  the  middle  coat  of  the  aorta. 
{The  deposit  lies  between  the  elastic  lamellae  :  x  250) 

special  frequency  in  the  glomeruli  of  the  kidneys,  in  the  choroid, 
in  the  brain,  and  in  the  lymph-glands! 

The  degenerate  vessels  have  a  homogeneous  appearance,  and 
their  walls  are  markedly  thickened  (Fig.. 35).  The  endothelium 
IS  at  first  unaffected,  and  the  lumen  of  the  vessel  unaltered  (a), 
though  m  later  stages  the  lumen  becomes  contracted  and  finally 
occluded  by  the  hyaline  deposit  (6). 

A  form  of  granular  degeneration  of  the  arterial  muscle-fibres 
IS  described  by  Lowenpeld.  In  this  form  the  muscle-cells  sweU 
up,  assume  a  granular  appearance,  lose  their  nuclei,  and  finally 
disintegrate.  The  change  may  take  place  in  isolated  cells,  or  in 
groups  of  cells,  and  causes  a  marked  diminution  of  the  strength 
of  the  media  to  resist  pressure. 

Calcification  of  the  arteries  (Fig.  36)  occurs  chiefly  in  cases 
where  the  nutrition  of  the  vessel-wall  is  impaired,  or  its  tissue  is 
otherwise  morbidly  altered.     It  is  usually  associated  with  fatty 
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degeneration,  hyaline  degeneration,  sclerosis,  and  atheroma  (Art. 
18).  The  intima  or  the  media  is  the  seat  of  deposit  of  the  cal- 
careous salts.  In  the  former  situation  it  is  the  sclerotic  and 
atheromatous  patches  themselves  which  become  calcified,  so  that 
frequently  actual  calcareous  plates  are  formed,  which  are  capable 
of  being  entirely  separated  from  the  surrounding  tissue.  If  the 
media  be  the  seat  of  the  calcareous  deposit,  the  process  may  go  so 
far  that  the  whole  vessel  is  converted  into  a  hard  and  rigid  tube. 
Large  and  middle-sized  arteries  so  affected  often  show  upon  their 
inner  surface  a  ribbed  or  corrugated  appearance,  the  calcification 
of  the  degenerate  media  taking  place  in  bands  or  stripes. 

The  calcareous  salts  are  deposited  in  small  glistening  granules 
(Fig.  36),  which  finally  coalesce  into  compact  masses.  Haema- 
toxylin  imparts  a  deep  bluish-violet  coloration  to  tissues  affected 
with  calcification. 

In  extreme  cases  the  calcified  arteries  may  actually  become 
ossified,  portions  of  the  calcified  areas  appearing  to  be  permeated 
by  vessels  and  medullary  spaces,  from  which  a  bone-like  substance 
is  ultimately  built  up. 

Necrosis  of  the  vessel-walls  results  most  frequently  from 
inflammations  which  occur  in  the  neighbourhood  of  the  vessels, 
and  which  themselves  end  in  tissue-necrosis  and  disintegration. 
Of  this  nature  are  in  particular  the  diphtheritic  inflammations, 
and  caseous  tuberculosis.  Necrosis  affecting  the  vessels  exhibits 
the  same  characters  as  that  in  the  contiguous  parts. 

References  on  Hyaline  Degeneration  and  Calcification. 

Arndt  :  Morbid  anatomy  of  the  central  organs  V.  4.  49  1870 

CoHN :  Ossification  of  arteries  V.  A .  106  1886 

Gull  and  Sutton  :  Arterio-capillary  fibrosis  Med.-chir.  Trans.  London  1872 

HoLSCHEWNiKOFF :  Hyaline  degeneration  of  cerebral  vessels  V.  A.  112  1888 

JuNGE  :  Hyaline  degeneration  A./.  Ophthalm.  v 

Kbomayer  :  Miliary  aneurysms  and  colloid  degeneration  in  the  brain  Inaug. 

Diss.  Bonn  1885 
LISyden  :  Z.  f.  klin.  Med.  ill 

LowENEELD :  Spontane  HirnUutungen  Wiesbaden  1886 
Lubimoff:   V.  A.  67,  A./.  Psych.  1874 

Mallory:  Calcareous  concretions  in  the  brain  Journ.  of  Path,  iii  1894 
Marchanb  :  Art.  Arteries  Eulenburg's  Kealencyklop.  1894  (with  references) 
Neelsen:  Degeneration  of  cerebral  capillaries  A.  d.  Heilk.  xvii  1876 
Oeller  :  Hyaline  degeneration  of  vessels  in  lead  amblyopia  V.  A.9>Q  1881 
ScHWEiGGER  :  A.f.  Ophthalm.  v 

Thoma  :  Disorders  of  the  renal  circulation  in  chronic  nephritis  V.  A.71  1879 
WiEGER  :  Hyaline  degeneration  of  lymph-glands  V.  A.7S  1879 
Ziegler:  Causes  of  contracted  kidney  D.  A.f.  klin.  Med.  xxv  1879 

18.  The  term  sclerosis  is  used  to  designate  a  condition  of  the 
arteries  in  which  the  intima  presents  a  greater  or  less  degree  of 
indurative  thickening.  If  this  condition  is  general,  the  process 
may  be  called  diffuse  arterio-sclerosis ;  if  it  is  local,  so  that 
larger  or   smaller  prominences   of  a   flattened  or  rounded  form 
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appear  on  the  inner  coat  of  the  vessel,  we  speak  of  it  as  circum- 
scribed or  nodose  arterio-sclerosis.  A  certain  degree  of  thick- 
ening of  the  intima  of  the  peripheral  arteries  is  a  physiological 
condition  in  old  age,  and  the  change  often  begins  to  be  appar- 
ent even  in  middle  life.  Circumscribed  thickenings  are  however 
always  of  a  pathological  nature.  Diffuse  sclerosis  may  be  com- 
bined with  local  thickenings.  The  affected  parts  sometimes  ap- 
pear translucent  and  almost  gelatinous  in  texture,  and  sometimes 
cartilaginous,  or  densely  fibrous. 

The  local  thickenings  of  the  intima  (Fig.  37  efg},  known  as 
sclerotic    plates   or  atheromatous  plaques,  occur  in  arteries  of 

every  size,  from  the  ascending 
aorta  to  the  finest  arterioles. 
They  may  be  few  in  number 
or  very  numerous ;  and  they 
are  especially  frequent  in  the 
aorta,  where  often  it  is  difficult 
to  find  even  a  small  area  of 
the  intima  that  remains  en- 
tirely unaffected.  When  few 
in  number,  the  sclerotic  patches 
are  usually  situated  near  the 
point  of  origin  of  arterial 
branches. 

If  the  sclerosis  is  at  all 
marked,  plaques  or  tablets  of 
an  opaque  yellowish-white  or 
clear-white  colour  wUl  always 
be  found  near  the  translu- 
cent, cartilaginous,  or  fibrous 
patches.  These  plates  may  be 
smooth  or  rough ;  and  not  in- 
frequently ulcers  are  formed 
beneath  them  by  necrotic  de- 
struction of  the  subjacent  tis- 
sue, at  the  bottom  of  which 
lie  masses  of  white  detritus. 
Not  infrequently  the  rough 
and  ulcerated  spots  are  cov- 
ered with  thrombi,  which  may 
be  soft  and  translucent,  thick 
and  whitish,  or  mixed  in  character.  The  yellowish-white  plaques 
are  known  as  atheromatous  patches,  and  the  eroded  spots  as 
atheromatous  ulcers,  the  process  as  a  whole  being  described  as 
atheroma  of  the  arteries. 

Calcareous  infiltration  is  often  associated  with  these  condi- 
tions, and  affects  especially  the  diseased  spots,  so  that  actual 
plates  or  scales  of  chalk  form  in  the  sclerotic   patches.      The 


Fig.  37.    Athekomatous  cerbbbai. 

ARTERY. 

(Preparation  stained  with  haematoxylin,  and 
mounted  in  Canada  balsam :  x  50) 

a    intima  considerably  thickened 

6    bounding  elastic  lamella  of  intima 

c    media 

d    adventitia 

e    necrotic  denncleated  tissue  vith  masses 

of  fatty  detritus 
/  and/i   detritus  with  cholesterin-plates 
g    infiltrated  leucocytes  in  the  intima 
h    infiltrated  leucocytes  in  the  adventitia 
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media  may  appear  unchanged,  or  it  may  contain  scar-like  tissue 
either  alone  or  m  combination  with  calcareous  deposits 

The  firm  yellowish-white  plates  are  composed  of  new-formed 
connective  tissue,  which  presents  evidence  of  premature  degenera- 
tion, generally  of  the  nature  of  hyaline  change.  In  consequence 
of  this  degenerative  process,  the  substance  of  the  connective  tissue 
becomes  homogeneous,  and  loses  first  its  fibrillation  and  ultimately 
its  cells.  Sometimes  the  hyaline  degeneration  is  combined  with 
extensive  fatty  degeneration,  which  primarily  affects  the  cells. 
Highly  granular  fibrous  tissue  may  be  found  side  by  side  with  the 
hyaline  patches.  In  those  patches  which  appear  gelatinous,  the 
tissue  presents  the  characteristics  of  mucous  tissue,  its  cells  being 
sometimes  preserved  unchanged,  sometimes  fatty,  and  sometimes 
already  broken  down. 

The  degenerate  and  necrotic  connective  tissue  not  infrequently 
becomes  calcified,  and  indeed  the  calcareous  plates  above  described 
are  practically  always  produced  in  tissue  that  is  already  morbidly 
altered.  More  frequently  the  degenerate  tissue  undergoes  disin- 
tegration, its  place  being  taken  (Fig.  37  e)  by  a  mass  of  granular 
detritus  (/)  more  or  less  intermingled  with  oil-drops,  and  often 
containing  plates  of  cholesterin  (/j).  This  detritus  constitutes 
the  so-called  atheromatous  pulp. 

The  necrotic  processes  usually  begin  in  the  outer  layers  of  the 
sclerotic  thickening  (Fig.  37  e/),  but  they  may  spread  towards 
the  interior,  and  ultimately  extend  so  far  that  the  layer  of  con- 
nective tissue  towards  the  lumen  of  the  vessel  gives  way,  where- 
upon the  atheromatous  patch  becomes  an  ulcer. 

Cellular  infiltrations  (^)  are  often  found  near  the  seat  of 
atheromatous  degeneration,  due  to  the  fact  that  the  destruction  of 
tissue  leads  to  immigration  of  leucocytes  and  proliferation  of  the 
surrounding  tissue-elements.  The  media  may  remain  unchanged, 
but  usually  it  also  presents  evidence  of  cellular  infiltration  round  its 
capillaries,  and  fibro-cellular  strands  run  through  those  parts  of  it 
whose  structure  is  altered  or  destroyed.  Further,  it  not  infre- 
quently happens  that  the  media  shows  areas  of  hyaline  and  fatty 
degeneration  and  calcareous  infiltration.  The  adventitia  may  be 
unchanged ;  or  it  may  present  diffuse  or  patchy  fibroid  induration, 
as  well  as  foci  of  cellular  infiltration. 

In  certain  cases  the  adventitia,  as  well  as  the  media,  possesses 
very  numerous  vasa  vasorum  (Fig.  38),  which  may  run  as  far  as 
the  innermost  layers  of  the  media,  and  sometimes  even  of  the 
intima  (Fig.  38  f).  The  vessels  in  the  latter  case  are  usually 
accompanied  by  clusters  of  leucocytes  {d  d^  d^. 

Sclerosis  and  atheroma  differ  in  their  mode  of  development, 
and  their  aetiology  differs  accordingly. 

In  maiiy  cases  the  condition  developes  very  gradually  as 
a  manifestation  of  senile  decay,  sometimes  affecting  the  aorta 
chiefly  or  alone,  sometimes  isolated  arteries  in  single  organs  or  in 
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several  simultaneously,  sometimes  nearly  all  the  arteries  in  the 
body.  When  no  special  injurious  influence  can  be  discovered  as 
a  probable  cause,  we  must  assume  that  the  changes  which  age 

brings  with  it  are  them- 
^  e.  selves      sufficient,      in 

many  cases,  to  give  rise 
to  this  condition  of  the 
vascular  system. 

Injurious  agents  of 
many  kinds  have  by 
various  authorities  been 
credited  with  the  power 
of  exerting,  through 
the  medium  of  the 
blood,  a  noxious  action 
on  the  arterial  intima. 
Chronic  alcoholism, 
lead-poisoning,  and 
gout  are  thus  deemed 
to  be  of  special  impor- 
tance. In  recent  years 
particular  attention  has 
been  directed  to  the 
infective  processes  in 
this  connexion,  and 
articular  rheumatism, 
endocarditis,  typhoid 
fever,  scarlatina,  and 
syphilis  are  given  as 
among  the  causes  of 
arterial  sclerosis. 

So  far  as  the  scle- 
rotic process  is  at  pres- 
ent understood,  it  is 
probable  that  it  may 
start  from  degenera- 
tive changes  of  various 
kinds.  Some  of  these 
antecedent  changes  are 
associated  with  old  age, 
others  with  premature 
decay  or  marasmus, 
others  with  infective  or 
toxic  agencies,  or  again  with  mechanical  injuries  such  as  strain 
or  rupture  of  some  of  the  coats  of  the  vessel.  The  primary  alter- 
ation or  damage  is  then  followed  by  inflammatory  action,  and  this 
by  proliferation  of  the  vessel-walls. 

Sclerosis  and  atheroma  are  therefore  sequences  of  a  prolifer- 


FiG.  38.  Section  of  the  aobta  in  acute  prolit- 

EEOCS  aortitis. 

(  Thrombo-arteritis  prolifera :  specimen  hardened  in 
Mil  ller's  fluid,  and  alcohol,  stained  with  Bismarck 
brown,  and  mounted  in  Canada  balsam :  x  25) 

a  intima  thickened  by  previous  inflammation  with 

cellular  infiltration  d 

b  media  with  infiltrated  leucocytes  di 

c  adventitia  with  infiltrated  leucocytes  d.2 

e  granular  fibrin  lying  on  the  intima 

ei  the  same  within  the  intima 

/  blood-vessel  within  the  hyperplastic  intima 

g  small  artery  contracted  by  sclerosis  of  its  intima 
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•ous   or  hyperplastic   arteritis,  whose  originating  causes  are   of 
various  and  diverse  kinds  (Art.  19). 

If  the  process  which  issues  in  arterial  sclerosis  be  observed 
while  it  is  still  in  progress,  foci  of  proliferation  and  often  of 
inflammatory  infiltration  will  be  found  in  the  intima,  and  fre- 
quently in  the  media  and  adventitia  as  well.  In  the  walls  of  the 
larger  vessels  these  are  generally  seen  surrounding  the  vasa  vaso- 
rum  (Fig.  38  d-^  d^.  Thus,  according  to  the  situation  in  which 
the  disease  is  most  marked,  we  distinguish  the  varieties  known  as 
endarteritis,  mesarteritis,  and  periarteritis.  The  intima  may 
suffer  such  extensive  changes,  through  the  development  of  scle- 
rosis and  atheroma,  that  the  condition  may  be  specifically  described 
by  the  term  chronic  endarteritis  deformans. 

If  the  changes  occur  chiefly  in  the  intima,  the  process  of  new 
tissue-formation  takes  place  upon  its  inner  free  surface,  and 
chiefly  beneath  the  thrombi  which  are  there  deposited  in  the 
manner  already  described  in  treating  of  proliferation  of  the 
endocardium  (Art.  7,  Fig.  11).  Occasionally  some  of  these 
thrombi  still  persist  at  the  time  of  death.  The  thrombi  are 
sometimes  soft  in  consistence,  grey,  translucent,  and  almost  gelati- 
nous ;  again  they  may  be  yellowish,  reddish,  or  mottled  in  colour, 
and  warty,  matted,  or  villous  in  form,  resembling  the  so-called 
endocarditic  vegetations  (arteritis  verrucosa).  Cases  occur  in 
which  the  aorta  presents,  along  with  sclerotic  thickenings  and 
atheromatous  patches,  a  great  number  of  the  above-mentioned 
thrombotic  deposits  (aortitis  verrucosa').  The  microscope  then 
shows  that  the  wall  of  the  aorta  contains  not  only  the  older 
fibroid  indurations  and  hyperplasias  (Fig.  38  a),  but  also  numer- 
ous foci  of  proliferation  and  inflammation  (d  d^  d^),  and  that  the 
thrombotic  deposits  are  already  partly  penetrated  by  ingrowths  of 
•connective  tissue  from  the  underlying  intima  (e  e^).  The  whole 
process  thus  assumes  the  character  of  a  proliferous  thrombo- 
arteritis  (Art.  19). 

Arterial  sclerosis  may  terminate  in  the  narrowing  and  oblitera- 
tion of  the  vessels  (endarteritis  obliterans),  or  in  their  gradual 
dilatation  and  rupture.  Occlusion  may  arise  from  the  coales-. 
cence  of  the  thickenings  of  the  intima,  or  from  thrombosis  behind 
the  contracted  and  roughened  segments.  Thrombosis  takes  place 
not  only  in  the  small  arteries,  but  also  in  the  large  ones ;  even  the 
common  carotid  and  subclavian  may  be  obliterated  in  this  manner. 
The  most  frequent  seat,  however,  of  such  occlusion  is  in  the  arter- 
ies of  the  brain,  heart,  and  kidneys;  in  these  situations  it  may 
affect  both  the  larger  and  the  smaller  vessels.  Dilatation  and 
rupture  of  the  arterial  wall  occur  when  the  media  is  the  coat 
chiefly  affected,  as  the  resisting  power  of  the  vessel  is  thereby 
greatly  diminished.  ,     , , . 

The  results  of  arterial  stenosis  and  obliteration  are  necrosis, 
degeneration,  and  atrophy  of  the  tissues  deriving  their  nutrition 
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from  the  affected  vessels.  If  the  vasa  vasorum  are  occluded  by 
sclerosis  (Fig.  38  g"),  atheromatous  degeneration  of  the  vessel- 
wall  is  liable  to  result. 

Hypertrophy  of  the  arteries,  in  which  the  connective  tissue 
as  well  as  the  muscle-fibres  undergo  multiplication  and  increase, 
occurs  in  vessels  that  serve  for  the  establishment  of  a  collateral 
circulation,  or  that  are  called  upon  to  supply  large  masses  of  new 
tissue  with  blood.  The  arteries  in  such  cases  increase  in  length 
and  in  thickness,  and  often  become  tortuous.  When,  in  connexion 
with  the  formation  of  new  tissue,  fresh  vessels  are  formed  by 
budding,  some  of  the  new-formed  capillaries  must,  through  the 
complete  development  of  their  walls,  be  converted  into  arteries. 

In  cases  of  increased  arterial  pressure,  such  as  occurs  in 
chronic  renal  disease,  hypertrophy  of  the  arterial  walls  may  take 
place  throughout  the  greater  part  of  the  vascular  system. 
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19.  Inflammation  of  the  arteries,  or  arteritis,  may  be  in- 
duced by  morbid  changes  in  the  blood,  by  traumatic  injuries,  and 
by  the  extension  of  inflammatory  processes  from  the  neighbour- 
hood of  the  vessel-wall.  Mechanical  violence  may  lead  to  arter- 
itis by  tearing  or  wounding  the  vessel,  or  by  crushing  its  coats,  as 
in  surgical  ligation.      Non-traumatic  inflammations  are  for  the 
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most  part  due  to  infection  or  poisoning;  mere  disorders  of  nutri- 
tion may,  however,  lead  ultimately  to  processes  of  an  inflamma- 
tory character.  Among  the  infective  agencies  the  most  common 
are  the  pyogenic  micrococci,  the  tubercle-bacillus,  and  the  virus  of 
syphilis.  These  irritants  lead  to  arterial  inflammation  by  acting 
upon  the  arterial  wall  from  the  lumen  of  the  artery,  from  the  vasa 
vasorum,  or  from  the  adjacent  tissues. 

Very  frequently  arteritis  is  connected  with  the  presence  of 
foreign  bodies  in  the  blood-current,  more  particularly  with  throm- 
bosis, the  thrombosis  itself  often  in  its  turn  starting  from  an  ante- 
cedent arteritis  elsewhere. 


Fig.  39.    Embolic  suppurative  abtekitis. 

(From  the  subrfMcosa  of  the  intestine ;  preparation  hardened  in  alcohol,  stained  with 
fuchsin,  and  mounted  in  Canada  balsam :  X  30) 
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thrombus  adherent  to  the  arterial  wall 
periarterial  puriilent  infiltration  of  the 

submucosa 
veins  engorged  with  blood 


aa^h  cde    layers  of  the  intestine 

/   transverse  section  of  a  remnant  of  the 

arterial  wall 
g   embolus  surrounded  by  pus-cells  withm 

the  dilated  and  suppurating  artery 

Corresponding  to  its  manifold  causation,  the  character  and 
course  of  arteritis  present  many  differences,  and  it  is  accordingly 
impracticable  to  describe  all  its  varieties.  We  may,  however,  give 
prominence  to  certain  main  types,  with  which  the  remamder  may 
easily  be  connected.  Among  these  types  we  may  distinguish - 
thrombo-arteritis,  haematogenous    arteritis   without    thrombosis, 
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arteritis  extending  from  the  surrounding  tissues,  the  specific  arte- 
ritis caused  by  the  tubercle-bacillus,  that  caused  by  the  virus  of 
syphilis,  and  finally  the  disease  known  as  periarteritis  nodosa. 

Thrombo-arteritis  may  manifest  itself  in  connexion  with  spon- 
taneous thrombosis,  or  with  embolism.  In  the  first  class  we  place 
the  thrombosis  which  follows  ligation,  injury,  or  disease  of  the 
vessel-wall.  The  particular  variety  of  arteritis  occurring  in  con- 
nexion with  thrombosis  is  determined  by  the  nature  of  the  throm- 
bus, and  may  be  purulent  or  proliferous  in  character. 

Purulent  thrombo-arteritis  results  from  spontaneous  throm- 
bosis or  embolism  when  the  coagulum  contains  pyogenic  micro- 
organisms. The  vessel-wall  may  undergo  either  necrosis  or 
purulent  infiltration  (Fig.  39  i}  as  a  result  of  the  action  of  the 
bacteria,  and  this  may  lead  to  suppurative  softening  of  the  arte- 


FlG.  40. 


Occlusion  op  a  pulmonary  vessel  by  connjective  tissue  after 
embolism. 


(Preparation  hardened  in  Muller's  fluid,  stained  with  haematoxylin  and  eosin,  and 
mounted  in  Canada  balsam :  X  45) 
<(    arterial  wall         6       connective  tissue  within  the  lumen  of  the  vessel 
c  d    new-formed  hlood-vessels 

rial  coats.  The  larger  arteries,  in  process  of  purulent  infiltration, 
appear  yellowish- white  in  colour,  swollen,  and  brittle.  Under  the 
pressure  of  the  blood  the  vessel-wall  may  yield,  producing  an 
infective  or  pyaemic  aneurysm  (Fig.  39),  or  the  artery  may 
rupture.  Periarterial  abscesses  (i)  may  result  from  the  accumu- 
lation of  pus  and  suppuration  of  tissue  around  the  vessel.  This 
condition  is  very  apt  to  be  brought  about  in  the  smaller  arteries 
when  they  are  occluded  by  infective  emboli  (Fig.  39  g). 

Proliferous  or  plastic  thrombo-arteritis  occurs  in  cases 
where  the  primary  thrombus  or  embolus  is  not  infective,  and  leads, 
according  to  the  amount  of  proliferation  induced,  to  occlusion  of 
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the  vessel  (lig.  40)  or  to  circumscribed  thickenings  of  the  wall 
Ihe  thickenings  may  consist  of  flattened  prominences,  of  firmly 
adherent  ridges,  or  of  bands  and  strings  which  cross  the  lumen  of 
the  vessel  (Fig.  41  5).  When  the  contracting  thrombus  or  em- 
bolus is  only  m  part  replaced  by  connective  tissue,  while  another 
part  becomes  calcified,  warty  or  knotty  prominences  are  formed 
on  the  wall  of  the  artery.  These  we  might  call  arterial  calculi 
or  arterioliths.  ' 

The  new  connective  tissue  which  developes  in  the  substance  of 
and  so  replaces  a  thrombus  owes  its  existence  to  proliferation  of 
the    cells    of    the    vessel-wall. 
■  When  the  process  leads  to  com- 
plete occlusion  of  the  artery,  it 
is  called  endarteritis  obliterans. 

While  the  formation  of  new 
tissue  is  progressing  the  arterial 
wall  is  in  a  condition  of  prolif- 
eration and  inflammation,  and 
we  accordingly  find  it  infiltrated 
with  connective-tissue  cells  and 
leucocytes.  Sooner  or  later,  in 
the  inner  coats  of  the  vessel,  the 
leucocytes  are  accompanied  by 
large  fibroblasts,  and  these  ex- 
tend out  from  the  intima  into 
the  thrombotic  mass  (Fig.  42  K). 
In  the  course  of  time  these  cells 
form  germinal  tissue,  which 
takes  the  place  of  the  thrombus, 
and  finally  becomes  converted 
into  connective  tissue  (Fig. 
40  6).  If  the  endothelium  of  the 
intima  be  stiU  preserved,  it  takes  part  in  the  proliferation  ;  if  it 
be  destroyed  the  new-formation  of  connective-tissue  cells  proceeds 
solely  from  like  cells  in  the  coats  of  the  vessel. 

The  blood-vessels  (Fig.  40  d)  which  supply  the  connective 
tissue  that  takes  the  place  of  the  thrombus  come  in  the  first 
instance  from  the  vasa  vasorum,  but  they  ultimately  communicate 
with  the  part  of  the  arterial  channel  that  is  still  open.  In  thrombi 
due  to  ligation,  the  new-formation  of  connective  tissue  and  the 
new  vessels  generally  start  from  the  point  at  which  the  ligature 
was  applied  (Fig.  43  d^,  but  the  part  of  the  wall  of  the  vessel  in 
the  neighbourhood  of  the  thrombus  also  furnishes  new  tissue.  In 
wounds  of  the  vessels  it  is  the  region  covered  by  the  thrombus 
that  is  principally  concerned  in  the  reparative  process. 

Haematogenous  arteritis,  not  associated  with  thrombosis, 
originates  from  the  non-vascular  intima  on  the  one  hand,  and 
from  the  vasa  vasorum  on  the  other  hand  (Fig.  38);  according 


Fig.  41.    Remains  of  emboli  in  A  branch 

OF  THE  PULMONARY  ARTERY. 

a  shrunken  embolus  permeated  by  con- 
nective tissue 

b  fibrous  bands  running  across  branches 
of  the  artery 
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to  the  primary  seat  of  the  lesion,  we  distinguish  it  as  endarteritis, 
mesarteritis,  or  periarteritis. 

The  aetiology  of  this  form  of  arteritis,  when  it  is  not  due  to 
purulent  infection,  tuberculosis,  or  syphilis,  is  still  uncertain  :  we 
may  however  say  that  certain  specific  infections  and  poisons,  as 
well  as  simple  disorders  of  nutrition,  may  give  rise  to  it  (Art.  18). 
The  arteritis  is  almost  always  of  a  plastic  nature ;  it  leads  to  the 
formation  of  new  connective  tissue,  and  consequently  to  thicken- 
ing of  the  intima.  It  is  often  the  cause  of  indurative  fibroid 
degeneration  of  the  media  and  adventitia,  and  indeed  of  all  those 
conditions  that  are  characteristic  of  arterial  sclerosis  (Art.  18). 


Fig.  42.    Section  of  a  thrombus  in  process  of  organisation. 

{From  the  femoral  artery  of  an  aged  man,  three  weeks  after  ligation :  haem,atoxylin 

staining :  x  300) 
a    tunica  media  e    cells  infiltrating  the  media 

6    fenestrated  elastic  membrane  /    cells  infiltrating  the  intima 

c    Intima  thickened  by  previous  inflam-      g    leucocytes,  partly  within  the  thrombus 

mation 
d    coagulated  blood  h 


and  partly  between  it  and  the  intima 
various  kinds  of  formative  cells 


Consecutive  or  secondary  arteritis,  due  to  inflammation  of  the 
tissues  in  which  the  arteries  lie  embedded,  may  be  suppurative, 
gangrenous,  or  hyperplastic,  according  to  the  nature  of  the  affec- 
tion of  the  surrounding  tissues.  The  forms  leading  to  suppura- 
tion and  gangrene  occur  chiefly  within  infected  wounds  and 
ulcers,  such  as  those  of  the  stomach,  intestine,  and  lungs  ;  they 
are  a  common  cause  of  the  rupture  of  blood-vessels  in  these  situa- 
tions. If  the  artery  contains  a  thrombus,  as  for  example  after 
ligation,  this  also  may  undergo  suppurative  softening. 

Secondary  arteritis  leading  to  the  formation  of  new  connective 
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aaventitia,  but  it  may  spread  also  to  the  media  and  intima. 


Fig.  43.    Diagrammatic  section  op  a  ligated  vessel. 

(The  thrombus  is  supposed  to  be  entirely  replaced  by  vascular  fibrous  tissue) 

■"    adventitia  d^  new-formed  fibrous  tissue  outside  the 


6    media 
•c    intima 


■d    new-formed  fibrous  tissue  within  the  lumen 


lumen 
e    new  blood-vessels 
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ScHNOPFHAGEN :   Wxeti.  Sitzungsber.  Lxxii  1875 
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20.  Syphilitic  arteritis  is  found  either  as  an  independent 
disorder  or  as  part  of  a  local  syphilitic  affection.  In  the  first 
variety  the  affected  vessel  shows  white  or  grey  thickening  of  the 
intima  and  of  the  adventitia.  The  vessel,  such  as  a  cerebral 
artery,  may  be  beset  with  greyish  translucent  or  whitish  patches ; 
or  a  certain  length  of  it  may  be  transformed  into  a  white  or  grey- 
ish-white cord.  This  form  is  not  to  be  distinguished,  either  by 
the  eye  or  with  the  microscope,  from  arterial  thickening  due  to- 
non-syphilitic  fibrous  hyperplasia.  The  second  form  of  syphilitic 
arteritis  occurs  in  the  midst  of  foci  of  syphilitic  inflammation,  the 
vessels  being  surrounded  eitlxer  with  diffuse  cellular  infiltrations- 
(the  so-called  gummatous  granulations)  or  with  dense  cicatricial 
tissue. 

If  the  process  is  still  recent,  and  in  the  stage  of  granulation,, 
the  thickening  of  the  intima  (Fig.  44  a)  consists  of  cellular  tissue. 
The  cells  are  in  part  small  and  round,  in  part  larger  and  spindle- 
shaped  or  stellate,  corresponding  to  the  various  forms  of  fibro- 
blasts. The  adventitia  is  similarly  altered  (d) .  The  media  (c) 
is  generally  infiltrated  only  to  a  moderate  extent  with  cells.  If  the 
syphilitic  affection  is  of  longer  standing,  and  connective  tissue  has 
already  been  formed  in  the  inflamed  areas,  the  thickened  arterial 
coats  are  more  fibrous  and  contain  fewer  cells.     The  media  is- 
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either  in  good  condition  or  is  in  places  atrophic  and  fibroid. 
There  is  nothing  specific  in  the  histological  character  of  the  pro- 
cess ;  but  it  may  be  remarked  that  in  ordinary  arteritis  leading 
to  sclerosis  the  cellular  infiltration  is  not  usually  so  abundant 
as  it  is  in  syphilitic  inflammation,  and  that  the  adventitia  in 
particular  is  not  so  subject  to  marked  alteration. 

The  thickening  of  the  arterial  coats  in  syphilis  is  often  very 
considerable ;  it  may  indeed  become  so  extreme  that  the  lumen 
of  the  affected  artery  is  partially  or  entirely  occluded  (^arteritis 
syphilitica  obliterans^ . 

Tuberculous  arteritis  arises  from  the  infection  of  arteries  by 
way  of  the  blood,  and  from  the  extension  of  a  periarterial  focus 
of  tuberculosis  into  the 
vessel-wall ;  the  latter 
mode  of  invasion  is  much 
more  common  than  the 
former. 

When  infection  has 
taken  place,  either  discrete 
tubercles  or  diffuse  in- 
flammatory infiltration 
and  hyperplasia  may  be 
developed  (Fig.  45  a  a^ 
c  OT)  ;  the  latter  may  lead 
to  very  considerable  thick- 
ening of  the  vessel-wall, 
and  often  causes  throm- 
bosis. If  the  granulations 
become  caseous,  the  vessel- 
walls  undergo  the  same 
transformation  (e).  If 
the  diseased  vessel  be  not 
closed  by  thrombosis  be- 
fore the  caseation  sets  in, 
it  often  ruptures  and  so 
gives  rise  to  haemorrhage. 
When  no  rupture  takes 
place     bacilli     may    pass 

from  the  vessel-wall  into  ,      n      n    ^ 

the  lumen,  and  thus  be  disseminated  by  the  blood-stream. 

Fibrous  hyperplasia  of  the  vessel-wall  may  also  be  set  up  as 
a  consequence  of  tuberculous  inflammation  Most  commonly  it 
is  the  adventitia  which  becomes  thickened,  though  at  times  a 
like  thickening  affects  the  intima  as  well.  It  may  become  so 
considerable  thlt  the  lumen  of  the  affected  vessel  is  great  7  -n- 
tracted,  or  even  occluded.  The  same  result  follows  when  tbrom 
bosis  takes  place  in  a  vessel  whose  wall  is  the  seat  of  caseatmg 
tuberculous  granulations. 


Fig.  44. 


Syphilitic  arteritis. 

(From  the  sylvian  artery  of  a  young  man  aged  20  : 

preparation  hardened  in  alcohol,  stained  with 

carmine,  and  mounted  in  Canada  balsam:  X 150) 

a    greatly  thickened  intima 

b    fenestrated  membrane,  broken  through  on  the 

left 
c    muscular  coat 
d    adventitia 
e    fibro-oellular  tissue 
/     new-formed  cellular  tissue 
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Periarteritis  nodosa  is  a  peculiar  disease  of  the  arterial  sys- 
tem described  by  KussMAUL,  R.  Maier,  and  P.  Meyer,  whose 
nature  is  not  yet  clear ;  it  is  characterised  by  the  occurrence  on 
the  arterial  wall  of  great  numbers  of  whitish  nodules  (Fig.  46  a). 
They  are  found  not  only  on  the  vessels  that  can  readily  be  dissected 
out  with  scalpel  and  scissors,  in  the  muscles,  the  serous  membranes, 
and  so  on,  but  also  on  the  arteries  of  the  parenchyma  of  the  spleen, 
the  abdominal  glands,  the  uterus,  and  the  mucous  membranes. 

The  nodes  on  arteries  of  somewhat  larger  size  are  situated  on 
one  side  of  the  vessel-wall ;  in  the  case  of  the  smaller  ones  they 

entirely  surround  the 
lumen.  The  thickening 
is  due  to  cellular  infiltra- 
tion and  proliferation  of 
all  the  coats  of  the  vessel 


o^' 


Fig.  45.    Tuberculous  arteritis. 

{Preparation  stained  with  fuehsin  and  methylene-blue,  and  mounted  in  Canada  bal- 
sam, :  X  100,  but  the  bacilli  have  been  sketched  in  under  a  higher  magnifying 
power) 


intima  dj  proliferous  intima  infiltrated 
with  cells  and  containing  tubercle- 
bacilli 

inner  elastic  lamella 


media 

proliferous  adventitia  Infiltrated  with 
cells  and  containing  tubercle-bacilli 
caseous  portion  of  the  vessel-wall 


Fig.  46.    Periarteritis  nodosa. 

( Vessels  taken  from  the  mesentery  of  the  small  intestine :  natural  size) 

a    node-like  swelling 

(Fig.  47),  the  hyperplastic  intima  projecting  into  the  lumen  of  the 
artery  (6),  while  the  media  (c  c?)  is  transformed  into  cellular  tissue 
of  considerable  thickness,  and  the  adventitia  and  the  surrounding 
tissue  (e)  are  thicF'y  studded  with  cells.  The  affection  might 
thus  be  fitly  described  as  arteritis  proliferans  nodosa.  Thrombosis 
may  accompany  the  process,  which  sometimes  also  leads  to  aneu- 
rysmal dilatation  of  the  weakened  and  yielding  arterial  wall.  When 
the  inflammation  and  proliferation  are  excessive  the  tissues  sur- 
rounding the  artery  are  apt  to  be  affected  in  the  same  way.  The 
thrombosis  leads  to  ischaemic  necrosis  of  the  parts  lying  behind 
the  occlusion.     The  most  likely  explanation  of  the  disease  is  that 
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it  is  an  infective  one.  The  sudden  onset  of  the  affection,  its  rapid 
course,  and  the  marked  wasting  that  accompanies  it,  are  in  favour 
of  this  theory  (voN  Kahlden). 


.r    ■  ■  !s 


I.        -F^ 


&      e 

Fig.  47.    Periartebitis  nodosa. 
(^Longitudinal  section  of  node  shown  in  Fig.  46  a:  preparation  hardened  in  Muller's 

fluid,  and  stained  with  haematoxylin  and  eosin:  x  30) 
a  «!  normal  vessel-wall  c    diffuse  overgrowth  of  the  media 

6       circumscribed  swelling  of  the  intima         d    projection  of  intima  and  media  into 
growing   into   the    lumen    of    the  the  lumen  of  the  vessel 

vessel  e    periarterial  cellular  infiltration 
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Fig.  48.    Aneurysms  of  the  aorta. 
(From  a  woman  aged  30 :  half  natural  size) 
a    spindle-shaped  dilatation  or  ectasis       d    rib  adherent  to  the  wall  of  the  aneu- 
of  the  ascending  aorta  rysmal  sac  showing  marked  atro- 

c    aneurysm  due  to  rupture  communi-  phy  from  pressure 

eating  by  the  opening  6  with  the       e    shrunken  aortic  valve 
lumen  of  the  dilated  aorta 
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21.  Arteries  whose  walls  have  lost  their  elasticity  and  power 
of  resistance  may  dilate  to  an  abnormal  extent  or  even  rupture 
under  the  pressure  of  the  blood,  whether  this  be  normal  or  for 
any  reason  exceptionally  increased.  In  this  manner  more  or  less 
severe  and  sometimes  fatal  haemorrhages  frequently  occur.  The 
dilatation  and  rupture  may  be  acute,  and  if  death  does  not  take 
place  the  vessel  may  return  to  its  normal  condition  by  contraction 
and  ultimate  repair  of  the  rent.  In  other  cases  the  result  is  per- 
manent sacculation  or  dilatation  of  the  vessel,  or  an  external 
sac  containing  blood  may  remain  in  communication  with  its 
channel.  All  these  results  are  usually  comprehended  under 
the  name  of  aneurysm.  If  the  wall  of  the  aneurysm  consists  of 
the  coats  of  the  artery,  we  speak  of  it  as  an  aneurysm  proper,  or 
true  aneurysm.  If  the  arterial  channel  remains  in  communica- 
tion with  a  sac  consisting  of  new-formed  tissue,  we  speak  of  it  as 
a  false  aneurysm. 


Fig.  49.    Aneurysms  (a)  op  the  hypogastric  artbry. 
{Reduced  by  one-sixth) 

If  we  classify  aneurysms  according  to  their  external  form 
and  their  local  relations  to  the  affected  vessel,  we  may  first  con- 
sider a  group  of  pathological  conditions  which  are  described  as 
arterial  ectases.  An  ectasis  is  a  spindle-shaped,  sometimes  almost 
cylindrical  (Fig.  48  a),  or  in  other  cases  somewhat  pouched  dila- 
tation of  an  artery,  over  a  greater  or  less  extent  of  the  vessel's 
course.  Such  a  widening  occurs  with  special  frequency  in  the 
aorta,  and  may  extend  over  its  whole  length,  or  affect  a  limited 
portion  only,  such  as  the  ascending  aorta  or  the  arch,  bome- 
times  in  the  course  of  a  vessel  there  are  several  fusiform  enlarge- 
ments, or  in  addition  to  the  dilatation  the  artery  is  tortuous  and 
convoluted,  a  condition  which  is  termed  cirsoid  aneurysm:  it 
occurs  most  frequently  in  the  great  vessels  lying  within  the  peivi?- 

The  second  group  is  formed  by  the  saccular  aneurysms  which 
project  from  onl  side  of  the  affected  artery  (iig  48  .,  Fig.  49  «), 
and  are  more  or  less  sharply  marked  off  from  the  lumen  of  the 
vessel. 
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By  many  authorities  the  saccular  forms  alone  are  described  as 
aneurysms.  The  several  varieties  can  however  hardly  be  sepa- 
rated, inasmuch  as  transitional  and  combined  forms  exist  (Fig. 
,48),  and  they  have  to  some  extent  the  same  aetiology  and  mode 
of  development. 

The  production  of  an  aneurysm  is  probably  in  all  cases  refera- 
ble to  some  morbid  weakening  of  the  arterial  coats.  In  certain 
instances  it  is  perhaps  dependent  on  a  local  imperfection  of  de- 
velopment in  the  coats  ;  but  as  a  rule  it  is  due  to  some  of  the 
injurious  influences  incidental  to  post-embryonic  life.  Fusiform, 
cylindrical,  and  pouched  dilatations,  and  tortuous  or  cirsoid 
elongations  of  arteries,  which  we  have  classed  together  as  arterial 
ectases,  are  caused  by  stretching  of  the  weakened  arterial  walls, 
and  may  be  called  aneurysms  by  distension.  The  formation  of 
large  saccular  aneurysms  is  probably  always  preceded  by  rupture 
of  one  or  more  of  the  arterial  coats,  and  we  may  therefore  de- 
scribe them,  in  contradistinction  to  the  former  class,  as  aneurysms 
by  rupture. 

Aneurysms  by  distension  are  due  as  a  rule  to  the  changes  com- 
prehended under  the  term  arteriosclerosis ;  they  may,  however, 
be  caused  by  acute  inflammation  of  the  vessel-wall,  and  in  certain 
cases  are  probably  the  result  of  imperfect  development.  Conical 
aneurysms,  occurring  at  the  origin  of  arterial  branches,  may  be 
caused  by  excessive  traction  upon  the  vessels  (Thoma). 

Aneurysms  by  rupture  also  occur  with  great  frequency  in  asso- 
ciation with  arteriosclerosis  :  accordingly  the  class  of  aneurysms, 
which  from  their  mode  of  origin  we  may  call  arteriosclerotic, 
forms  the  largest  and  for  the  physician  the  most  important  group. 
They  are  most  commonly  met  with  in  the  aorta,  particularly  in  its 
thoracic  portion,  but  they  often  occur  in  the  arteries  of  the  brain, 
and  are  not  very  rare  elsewhere,  as  for  example  in  the  carotids,  the 
abdominal  arteries,  the  femorals,  and  their  branches. 

Rupture  of  the  arterial  coats  takes  place  both  in  arteries  of 
normal  calibre,  and  in  vessels  already  dilated.  It  usually  occurs  dur- 
ing the  early  stages  of  arteriosclerosis,  and  in  the  case  of  the  aorta 
in  persons  who  are  between  35  and  40  years  of  age.  Occasionally 
at  the  time  of  rupture  little  or  no  sclerotic  thickening  of  the  coats 
can  be  recognised  (Fig.  50)  ;  but  as  a  rule  the  intima  shows  some 
such  change  (Fig.  51  «).  The  rupture  sometimes  affects  only  the 
innermost  coat  of  the  vessel,  sometimes  also  the  middle,  and  at 
times  the  outermost  coat  as  well.  Various  forms  of  arteriosclerotic 
aneurysms  by  rupture  may  be  distinguished  accordingly.  If  all 
the  coats  are  broken  through,  haemorrhage  into  the  surrounding 
tissues  naturally  results,  and  if  the  effused  blood' cannot  find  an 
outlet  this  gives  rise  to  the  formation  of  a  blood-tumour  or 
haematoma,  which  afterwards  may  undergo  further  changes. 

If  the  intima  and  media  are  torn  through  (Fig.  50  c),  a 
dissecting  aneurysm  (d  c?)  may  be  formed,  whose  outer  wall  is 
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constituted  chiefly  by  the  adventitia  (e),  which  has  been  loosened 
from  the  media  by  the  pressure  of  the  escaping  blood,  or  by  the 
adventitia  and  the  outer  strata  of  the  media  together.  This  result 
is  most  commonly  observed  in  the  ascending  aorta  (Fig.  50)  and 
in  the  small  arteries  of  the  brain,  which  are  surrounded  by  a  loosely- 
adhering  adventitia.     If  the  adventitia  of  the  aorta  does  not  give 


d~- 


FlG.  50. 


KUPTUEE    OF    THE    INXIMA   AND    MEDIA    OF    THE    AORTA,   WITH  THE  FORMA- 
TION  OF  A  DISSECTING  ANEURYSM. 

{From  a  man  aged  50) 

c    transverse  rent  through  the  intima  and 

media 
d    coagulated  blood  under  the  adventitia  e 


aorta 
aortic  valve 


way  at  the  time  of  the  rupture  of  the  mt  ma  and  rnedia  it  may  be 
stripped  loose  over  a  large  extent  of  surface,  ««  that  the  under 
lying  accumulation  of  blood  may  reach  as  far  as  the  pomts  ot  exit 
of  the  branches  of  the  thoracic  and  abdominal  aorta. 

As  a  rule  death  takes  place  very  soon  after  rupture  ;  but  lite  is 
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sometimes  prolonged  for  a  while,  particularly  in  those  cases  in 
which  the  blood  forces  its  way  from  the  subadventitial  sac  back 
again  to  the  blood-stream,  at  some  point  farther  on  in  the  course 
of  the  vessel  (Bosteom).  The  new  blood-channel  formed  by  the 
adventitia  is  then  strengthened  by  the  formation  of  connective 
tissue  around  it,  and  it  may  even  acquire  an  endothelial  lining. 


Fig.  51.     Aneurysmal  dilatation  and   partial   rupture   of   the   ascending 

AORTA. 

{From  a  man  aged  36 :  natural  size) 
a  dilated  aorta  with  sclerotic  plates  in  the       ft  rent  in  the  intima  through  which  the 
intima  media  is  visible 

c  rent  in  the  media 

Since  in  cases  of  complete  rupture  and  of  dissecting  aneurysm 
we  cannot  always  detect  morbid  changes  in  the  coats  of  the 
vessels,  it  is  very  probable  that  in  the  absence  of  these  changes 
traumatic  injury  to,  or  defective  development  of,  the  vessel-wall 
is  the  primary  cause  of  the  lesion.  When  a  portion  of  the  intima 
of  a  vessel  such  as  the  aorta  gives  way,  with  or  without  accom- 
panying rupture  of  the  media,  and  without  dissection  of  the 
other  coats,  a  locus  minoris  resistentiae  is  formed  at  that  part. 
A  local  dilatation  of  the  remaining  layers  of  the  arterial  wall 
thereupon  takes  place,  and  a  saccular  aneurysm  is  produced. 
This  result  is  not  however  inevitable,  for  we  frequently  see  rents 


ART.  21]  EFFECTS   OF   ANEURYSM 


87 


m  the  large  vessels  that  have  actually  healed  by  means  of  newly- 
formed  connective  tissue,  and  show  no  signs  of  yielding.  When 
the  process  results  in  lateral  dilatation  of  the  vessel-wall,  a  very 
large  blood-sac  (Fig.  48  c)  may  ultimately  be  formed  at  the 
affected  spot.  These  sacs  communicate  with  the  lumen  of  the 
vessel  by  a  more  or  less  wide  opening  (Fig.  48  S),  which  is  com- 
monly narrow  compared  with  the  size  of  the  artery  or  of  the  sac 
itself.  Frequently  several  such  aneurysms  co-exist  in  sclerotic 
and  dilated  vessels,  so  that  for  example  an  ectatic  ascending  or 
transverse  aorta  may  present  three,  four,  or  even  more  saccu- 
lations. 

Arteriosclerotic  aneurysms  of  the  aorta  and  other  great  vessels 
often  attain  considerable  size,  and  cause  distortion  and  displace- 
ment of  the  contiguous  viscera.  Aneurysms  of  the  thoracic  aorta 
frequently  extend  to  the  sternum  and  ribs,  or  to  the  spinal  column, 
and  then  exert  pressure  on  these  bones.  Under  these  conditions 
the  bony  substance  becomes  eroded  and  atrophic,  and  large  por- 
tions of  the  vertebral  bodies,  the  sternum,  or  the  ribs  may  be 
thus  absorbed  (Fig.  48  d).  The  nerve-trunks,  the  trachea,  and 
the  walls  of  adjacent  blood-vessels  such  as  the  pulmonary  artery, 
are  in  like  manner  pressed  on  and  atrophied. 

In  the  wall  of  the  sac  itself,  which  is  subjected  to  steadily  in- 
creasing distension,  inflammatory  infiltration  and  proliferation 
are  set  up,  and  these  result  in  fibrous  hyperplasia.  Within  the 
sac  laminated  thrombi  may  form,  which  fill  it  up  to  a  greater  or 
less  extent,  and  cause  proliferation  of  the  underlying  wall,  but  do 
not  necessarily  lead  to  the  healing  of  the  aneurysm  by  obliteration 
of  its  cavity. 

Sooner  or  later  the  aneurysm  ruptures,  and  blood  is  effused 
into  the  surrounding  tissues.  The  haemorrhages  that  occur  so 
frequently  in  the  brain  come  very  often  from  the  rupture  of 
aneurysmal  dilatations  in  atheromatous  arteries.  Large  thoracic 
aneurysms  frequently  project  into  the  lumen  of  the  trachea,  the 
bronchi,  or  the  oesophagus,  after  causing  the  absorption  of  the 
walls  of  these  structures  by  pressure ;  then  the  aneurysmal  sac 
ruptures,  and  massive  haemorrhage  takes  place  into  the  respiratory 
tract,  or  into  the  oesophagus.  In  other  cases  the  aneurysms  rupt- 
ure externally  through  the  intercostal  spaces,  and  instances  are 
recorded  in  which  they  have  ruptured  into  the  pulmonary  artery 
or  into  the  veins.  In  the  latter  instance  the  aneurysmal  sac 
has  previously  become  adherent  to  the  wall  of  the  vein,  and  when 
rupture  into  the  latter  ensues  the  condition  is  known  as  true 
varicose  aneurysm. 

Embolic  aneurysm  is  another  special  variety,  of  which  we 
may  distinguish  two  forms.  The  first  owes  its  existence  to  the 
fact  that  sharp-cornered  particles  of  calcified  material  are  swept 
from  ulcerated  valves  or  other  parts  of  the  vascular  system  to  a 
peripheral  artery,  into  whose  walls  they  penetrate.     This  may 
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cause  rupture  and  fatal  haemorrhage  (cerebral  apoplexy),  or  if 
the  walls  of  the  vessel  do  not  at  once  give  way  entirely,  an  aneu- 
rysm by  rupture  may  be  formed.  In  the  latter  case  the  walls  of 
the  sac  are  composed  either  of  tissue  derived  entirely  from  the 
surrounding  structures,  or  in  part  at  least  of  the  outer  walls  of  the 
vessel.  These  aneurysms  are  thus  essentially  due  to  mechanical 
erosion,  and  accordingly  are  really  traumatic  in  origin. 

The  second  form  of  embolic  aneurysm  is  that  known  as  the 
mycotic  or  infective  aneurysm  (Fig.  39).  This  form  is  due  to 
emboli  infected  with  bacteria  (^),  which  set  up  at  their  point  of 
lodgment  suppurative  inflammation  and  degeneration  of  the  ves- 
sel-wall and  its  surroundings.  The  emboli  usually  come  from 
infective  endocarditic  thrombi.  The  walls  of  the  vessel  (/), 
becoming  friable  and  softened  by  ulceration,  either  wholly  or 
partially  give  way.  If  the  outer  coats  do  not  rupture,  a  saccu- 
lar or  fusiform  aneurysm  may  form  by  their  dilatation.  In  horses 
embolic  aneurysms  are  often  produced  by  the  Strongylus  armatus, 
which  lives  in  the  blood-vessels  (notably  in  the  mesenteric  artery), 
and  causes  at  its  point  of  lodgment  thrombosis  and  degenerative 
changes  in  the  vessel- wall.  Laceration  of  the  inner  and  dilata- 
tion of  the  outer  coats  are  the  ultimate  result.  We  might  call 
these  parasitic  aneurysms. 

Aneurysms  by  erosion  are  usually  found  in  suppurating 
wounds  and  in  tuberculous  foci,  especially  in  cavities  of  the 
lungs.  The  suppuration  or  the  tuberculous  inflammation  involves 
the  outside  of  the  vessel  (Fig.  45),  softens  it,  and  so  renders  it 
more  liable  to  laceration.  In  favourable  cases  the  portion  of  the 
vessel  thus  affected  may  protect  itself  by  the  formation  of  thrombi, 
followed  by  proliferation,  with  the  result  that  its  lumen  is  ulti- 
mately obliterated.  Frequently,  however,  the  vessel- wall  ruptures 
and  haemorrhage  takes  place ;  or  as  a  result  of  the  destruction  of 
the  outer  coats,  the  inner  ones  protrude,  producing  hernial  aneu- 
rysms. The  protruding  inner  walls  may  be  already  covered  by 
thrombi ;  or  the  vessel- wall  may  be  thickened  by  the  formation  of 
connective  tissue.  Hernial  aneurysms  either  rupture,  or  induce 
the  formation  of  new  connective  tissue  about  them,  and  in  this 
way  their  walls  are  strengthened. 

Traumatic  aneurysms  are  produced  by  the  action  of  mechani- 
cal violence  of  any  kind  upon  the  vessel,  in  consequence  of  which 
the  inner,  the  outer,  or  all  of  the  arterial  coats  may  be  torn  through. 
What  happens  in  the  first  instance  will  be  understood  from  what 
has  already  been  said.  When  the  vessel-walls  are  entirely  torn 
through,  and  the  blood  cannot  escape  to  the  exterior  or  into  some 
cavity  of  the  body,  a  blood-tumour  is  formed,  bounded  by  the 
surrounding  tissues:  this  is  an  arterial  haematoma.  In  the 
course  of  time  a  connective-tissue  sac  may  be  developed  round 
the  coagulated  mass  of  blood,  and  its  contents  undergo  con- 
traction.    If  through  tlie  original  point  of  rupture  in  the  vessel- 
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wall  blood  again  gains  access  to  the  sac,  a  spurious  aneurysm  is 
formed. 

When  an  artery  and  a  vein  are  wounded  simultaneously,  and  a 
communication  between  the  two  is  established  by  the  formation  of 
an  intermediate  haematoma,  a  traumatic  spurious  varicose  aneu- 
rysm is  the  result.  This  accident  may  happen  in  the  operation 
of  blood-letting  from  the  median  vein  of  the  arm,  in  which  the 
brachial  artery  is  sometimes  cut.  When  by  a  wound  direct  com- 
munication is  opened  between  an  artery  and  a  vein,  so  that  the 
arterial  blood  flows  into  the  vein  without  the  intervention  of  a 
sac,  and  the  vein  is  distended  under  the  arterial  blood-pressure, 
we  have  a  condition  that  is  termed  an  aneurysmal  varix. 


The  formation  known  as  racemose  or  anastomotic  aneurysm,  or  vascular 
arterial  tumour,  has  nothing  in  common  with  true  aneurysms.  It  is  rather  a 
pathological  multiplication  of  the  vessels  over  a  whole  arterial  region,  and  is 
probably  always  dependent  upon  some  local  congenital  anomaly  of  develop- 
ment. Convoluted  coils  and  plexuses  of  hypertrophic  and  dilated  arteries  are 
thus  formed,  and  the  condition  might  appropriately  be  described  as  a  racemose 
arterial  angioma. 

Aneurysms  are  sometimes  congenital  (Phanomenow:  Aneurysm  of  the 
abdominal  aorta  Arch.f.  Gynak.  xvii  1881),  and  in  infants  may  be  due  to  the 
presence  of  septic  thrombi  or  to  the  fact  that  the  ductus  arteriosus  exerts  an 
excessive  traction  on  the  wall  of  the  aorta  or  pulmonary  artery  (Thoma). 

Out  of  159  cases  of  arterio-venous  aneurysm  collected  by  Beamann,  wounds 
by  stabbing,  hacking,  or  cutting  were  given  as  the  cause  in  108,  gunshot  injuries 
in  29,  and  contusions  in  5.     In  9  cases  the  condition  arose  spontaneously. 
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CHAPTER   X 

MORBID   CHANGES  IN  THE  VEINS 

22.  It  may  be  stated  that  in  general  the  veins  are  subject  to 
the  same  morbid  changes  as  the  arteries,  though  many  pathological 
processes  affecting  them  are  less  markedly  characteristic  and  in- 
volve less  important  consequences  than  the  corresponding  lesions 
of  the  arteries. 

Fatty  degeneration  of  the  intima  and  media  follows  a  similar 
course  to  that  of  the  arteries,  and  gives  rise  to  the  appearance  of 
whitish  spots  on  the  venous  coats. 

Calcification  occurs  upon  the  whole  but  rarely,  and  is  seldom 
marked.  The  most  complete  examples  of  calcification  may  be 
found  in  veins  whose  walls  have  undergone  fibroid  degeneration. 

Fibroid  thickening  of  the  intima,  a  process  analogous  to  arte- 
riosclerosis, and  described  as  phlebosclerosis,  appears  both  in 
diffuse  and  in  circumscribed  forms,  particularly  in  the  veins  of 
the  lower  extremities.  The  affection  is  however  less  pronounced 
than  in  the  arteries,  and  its  effects  are  in  general  of  minor  im- 
portance. 

An  inflammatory  condition  of  the  veins  leading  to  the  forma- 
tion of  new  connective  tissue,  proliferous  or  hyperplastic  phle- 
bitis, is  met  with  chiefly  after  venous  thrombosis,  or  as  a  consequence 
of  inflammatory  proliferation  of  neighbouring  parts:  it  begins  in 
the  first  case  as  a  thrombo-phlebitis ;  in  the  second,  as  a  peri- 
phlebitis. As  thrombosis  is  one  of  the  commonest  plastic  affec- 
tions of  the  veins,  thrombo-phlebitis  is  a  comparatively  frequent 
disorder.  It  occurs  often  in  the  veins  of  the  lower  extremities 
and  of  the  pelvis,  and  not  rarely  in  the  large  veins  of  the  trunk 
and  in  the  sinuses  of  the  dura  mater.  The  cellular  infiltration  and 
proliferation  of  the  vessel-walls,  and  the  gradual  replacement  of 
the  thrombus  by  fibrous  tissue,  take  place  in  the  same  manner  as 
in  proliferous  thrombo-arteritis. 

After  an  interval  of  some  months,  the  site  of  the  former 
thrombus  is  sometimes  indicated  only  by  thickening  of  the  intima 
and  by  a  few  fibrous  bands  traversing  the  lumen  of  the  vessel 
(Fig.  52  6  c) ;  but  sometimes  the  vein  at  the  affected  spot  is  cica- 
tricially  contracted  (Fig.  52  a)  and  obliterated,  so  that  the  process 
might  be  described  as  phlebitis  obliterans.  Obliteration  takes 
place  not  only  in  small  but  also  in  large  veins,  such  as  the  femoral 
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vein  and  the  inferior  vena  cava  ;  and  tlie  vessel  may  thus,  for  a 
distance  of  several  centimetres,  be  converted  into  a  solid  fibrous 
cord. 

If  a  contracting  venous  thrombus  is  only  partially  replaced  by 
connective  tissue,  the  rest  of  it  becoming  calcified,  vein-stones  or 
phleboliths  are  formed. 

Proliferous  periphlebitis  developes  v^hen  proliferation  takes 
place  in  the  tissues  contiguous  to  the  veins,  and  leads  in  the  first 
instance  to  a  thickening  of  the  adventitia 
only,  though  it  may  ultimately  extend  also 
to  the  inner  coats. 

Wounds  of  the  veins  heal  in  the  same 
manner  as  those  of  the  arteries. 

Suppurative  phlebitis  is  most  fre- 
quently associated  with  suppurative  and 
septic  inflammation  of  the  adjacent  tissues, 
and  is  thus  at  the  outset  a  periphlebitis. 
Purulent  infiltration  of  the  vessel-wall  may 
however  extend  to  the  inner  coats,  and  is 
then  indicated  by  their  yellowish-white  ap- 
pearance, or  in  putrid  inflammations  by 
their  dirty-grey  or  greyish-green  discolora- 
tion. Under  certain  conditions  infective 
inflammations  spread  for  a  considerable  dis- 
tance within  the  adventitia  of  the  veins, 
so  that  the  vessels  appear  as  if  sheathed  in 
reddened  and  infiltrated  tissue. 

If  pyogenic  bacteria  reach  a  venous 
thrombus,  septic  softening  is  set  up  within 
it,  and  at  the  same  time  degenerative 
changes,  necrosis,  and  inflammation  affect 
the  vessel- wall ;  the  result  is  thus  suppu- 
rative thrombo-phlebitis.  When  the 
veins  are  infected  in  this  manner,  the  path- 
ogenic bacteria  very  readily  reach  the 
blood. 

Tuberculous  periphlebitis  and  phle- 
bitis arise  in  the  same  way  as  tuberculous 
arteritis  (Art.  20),  and  lead  to  cellular  infil- 
tration and  hyperplasia  of  the  venous  walls, 
which  afterwards  become  indurated  or  un- 
dergo caseous  degeneration.  The  process 
may  finally  extend  to  the  intima,  enabling 
the  tubercle-bacilli  to  enter  the  blood-cur- 
rent and  to  disseminate  the  tuberculosis  by  metastasis. 

Syphilitic  periphlebitis  and  phlebitis  are  observed  most  fre- 
quently in  the  branches  of  the  portal  vein,  and  in  the  umbilical 
vein  of  new-born  children  affected  with  syphilis. 


Fig.  52.  Obliteration  of 
the    bight    femoral 

VEIN. 

(Remains  of  a  thrombosis 
which  occurred  three 
years  before  death  ;  nat- 
ural size) 

a  obliterated  portion  of 
the  vein  (the  right  iliac 
vein  was  also  obliterated) 

bed  fibrous  bands  with- 
in the  vein  and  its  branches 
e    recent  thrombus 
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23.  Fhlebectases  or 
varices  (Fig.  53)  are  dila- 
tations of  the  veins,  which 
are  caused  chiefly  by  me- 
chanical interference  with 
the  outflow  of  blood  from 
them  :  the  impediment  may 
be  local  or  general  venous 
engorgement,  compression 
of  the  veins,  thrombosis, 
failure  of  the  heart,  or  the 
like.  Their  formation  is 
favoured  by  the  presence  of 
morbid  changes  in  the  ve- 
nous walls  and  the  tissues 
surrounding  them. 

In  many  cases  the  veins 
are  uniformly  dilated  in  a 
cylindrical  form,  or  show 
spindle  -  shaped  bulgings. 
In  other  cases  the  dilated 
veins  are  coiled  in  a  tor- 
tuous or  serpentine  fashion 
(Fig.  53),  with  numerous 
lateral  pouches,  so  that  the 
several  convolutions  ulti- 
mately lie  close  one  to  an- 
other. 

Simple  stretching  of  the 
vessel-walls  under  the  inter- 
nal pressure  of  the  blood 
may  suffice  to  explain  the 
first  variety,  while  the  second 
implies  rather  some  abnor- 
mal local  weakness  of  the 
venous  wall,  for  such  varices 
are    occasionally    found    in 


Fig.  S3.    Varices  of  leg. 

{Injected  preparation :  one-half  natural 
size) 
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places  where  engorgement  does  not  apparently  exist.  When  the 
veins  are  markedly  pouched  and  tortuous,  without  any  perceptible 
thinning  of  their  coats,  some  hyperplasia  of  the  venous  walls  must 
of  course  have  taken  place. 

If  the  walls  of  tortuous  veins  touch  each  other,  fusion  may 
occur  at  the  point  of  contact,  and  in  this  way  anastomosing  venous 
sinuses  are  formed.  The  result  is  a  kind  of  cavernous  tissue,  with 
wide  blood-spaces. 

Varices  occur  very  frequently  in  the  lower  extremities,  and 
form  beneath  the  skin  tangled  convolutions  consisting  of  serpen- 
tine and  saccular  blood-sinuses  (Fig.  53).  They  may  be  produced 
in  persons  obliged  to  sit  or  stand  for  a  long  time  together,  but 
they  arise  with  special  frequency  in  cases  of  long-continued 
interference  with  the  venous  circulation,  such  as  results  from 
the  pressure  of  the  pregnant  uterus  or  of  tumours  in  the  pelvis. 
They  are  also  frequent  in  the  pelvic  veins,  the  veins  of  the 
broad  uterine  ligament,  the  spermatic  cord  (varicocele),  the 
prostate,  the  bladder,  the  scrotum,  the  labium  pudendi,  and 
the  lower  portion  of  the  rectum.  The  veins  which  form  a 
plexus  around  the  rectum,  by  their  dilatation,  frequently  give 
rise  to  the  tuberous  or  grape-like  varicose  prominences  known 
as  haemorrhoids  or  piles. 

The  circulation  through  the  liver  is  sometimes  obstructed  by 
reason  of  morbid  processes  affecting  the  interlobular  connective 
tissue  (cirrhosis  of  the  liver).  As  a  result  we  find  engorgement 
and  dilatation  of  the  portal  veins,  and  of  the  oesophageal  and 
spermatic  veins  T^hich  anastomose  with  them.  The  like  dilatation 
has  been  observed  in  the  persistent  channel  of  the  umbilical  vein 
in  the  round  ligament  of  the  liver  (Baumgaeten),  and  in  the 
parumbilical  veins ;  in  this  case  the  communicating  veins  of  the 
round  and  suspensory  ligaments,  and  the  veins  of  the  anterior 
abdominal  wall,  may  also  be  dilated  and  tortuous,  leading  to  the 
formation  of  the  so-called  eaput  medusae. 

Varices  not  infrequently  rupture  and  so  give  rise  to  haemor- 
rhage; this  is  especially  apt  to  happen  in  the  case  of  haemorrhoids, 
which  are  torn  and  bruised  by  the  passage  of  the  faeces.  Veins 
may  also  rupture  subcutaneously.  In  the  neighbourhood  of  the 
varices  oedema  and  inflammation  are  often  set  up,  and  lead  either 
to  suppuration  with  the  formation  of  abscesses  or  ulcers,  or  to 
overgrowth  of  connective  tissue.  The  former  is  most  common 
in  the  neighbourhood  of  haemorrhoids,  where  infection  is  apt  to 
occur ;  the  latter  in  the,  lower  extremities,  where  from  oedema 
and  fibrous  hyperplasia  thickening  and  induration  of  the  tissues 
is  a  frequent  result,  giving  rise  to  the  condition  described  as 
phlebectatic  elephantiasis  or  pachydermia.  In  the  affected 
parts  traumatic  injury  readily  induces  ulceration,  and  the  so-called 
varicose  ulcers  have  but  little  tendency  to  heal.  They  often 
extend  over  a  considerable  area,  and  the  floor  and  margins  tend 
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to  become  callous  and  indurated  from  the  formation  in  them  of 
dense  cicatricial  tissue. 

Thrombosis  in  dilated  veins  is  not  infrequently  associated  with 
proliferous  or  purulent  thrombo-phlebitis.  Calcification  of  the 
remains  of  the  coagulum  leads  to  the  formation  of  phleboliths. 
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CHAPTER   XI 
MORBID   CHANGES  IN  THE  LYMPH-VESSELS 

24.  The  morbid  changes  occurring  in  the  lymphatic  system 
do  not  admit  of  complete  treatment  apart  from  the  pathologi- 
cal anatomy  of  the  parenchyma  of  the  various  organs.  The 
lymphatics  have  their  ultimate  radicles  in  the  substance  of  the 
tissues,  and  the  first  part  of  their  course  is  formed  by  the  meshes 
and  clefts  into  which  the  lymph  derived  from  the  blood  is  poured. 
The  efferent  channels,  in  other  words  the  smallest  lymph-vessels, 
are  canals  devoid  of  special  walls,  and  marked  off  from  the  sur- 
rounding connective  tissue  only  by  a  layer  of  flat  endothelial  cells. 
Not  until  we  come  to  the  larger  lymphatics  do  we  find,  outside 
the  endothelium,  any  special  connective-tissue  wall. 

It  must  be  very  rare  for  demonstrable  changes  to  take  place 
in  these  minute  lymph-channels  witliout  simultaneous  disease  of 
the  tissues  that  enclose  them ;  they  and  the  tissues  are  in  too 
intimate  relation  for  one  to  suffer  without  the  other.  The  same 
holds  good  even  of  the  larger  lymphatics,  though  they  have  walls 
of  their  own  in  addition  to  their  endothelial  lining.  It  is  indeed 
only  the  largest  lymphatics  of  all  that  we  can  regard,  from  a 
pathological  point  of  view,  as  independent  structures. 

Inflammation  frequently  affects  the  lymph-vessels,  giving  rise 
to  the  affections  known  as  lymphangitis  and  perilymphangitis. 
It  is  generally  secondary  to  some  inflammation  of  the  tissues, 
the  lymph  from  the  inflamed  area  acting  as  an  irritant  to  the 
vessels  through  which  it  flows  and  to  the  tissues  that  imme- 
diately surround  them.  But  rarely  does  an  irritant  capable  of 
setting  up  inflammation  reach  the  lymphatics  from  any  other 
source  than  from  a  previously  inflamed  part.  The  secondary 
inflammation  may  extend  far  beyond  the  seat  of  the  primary 
affection  ;  thus  it  may  spread  from  a  wound  in  the  hand  up  into 
the  lymphatics  and  glands  of  the  axilla.  During  life  the  affection 
is  indicated  by  the  presence  of  red  and  painful  streaks  extending 
from  the  initial  wound  to  the  nearest  lymph-glands. 

In  minor  degrees  of  lymphangitis  the  lymphatic  endothelium 
is  swollen,  its  nuclei  are  increased,  and  its  cells  in  part  undergo 
multiplication.  In  the  more  severe  inflammations  the  endothelial 
cells  are  cast  off  and  perish  ;  while  at  the  same  time  the  lymph- 
vessels  contain  an  abnormal  number  of  lymphoid  elements,  and 
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not  infrequently  the  lymph  is  fibrinous  and  coagulable.  In  puru- 
lent lymphangitis  the  lymph-vessels  may  be  distended  with  small 
collections  of  pus,  and  sometimes  assume  a  sacculated  or  monili- 
form  appearance.  The  tissue  surrounding  the  lymphatics,  as 
well  as  the  vessel-walls  themselves,  is  more  or  less  infiltrated 
with  leucocytes,  and  its  capillaries  are  markedly  distended  with 
blood.  In  long-continued  lymphangitis  the  lymph-vessels  contain 
epithelioid  and  multinuclear  cells  derived  from  the  endothelium. 

The  issue  of  lymphangitis  is  either  complete  restoration  ad 
integrum  by  re-absorption  of  the  exudation  and  regeneration  of 
the  lost  endothelium,  necrosis  and  abscess  of  the  vessel  and  the 
tissue  surrounding  it,  or  lastly  fibrous  hyperplasia  and  induration 
of  both.  The  latter  occurs  in  chronic  inflammatory  conditions, 
and  may  lead  to  the  obliteration  of  the  lymphatic  vessel. 

Like  the  non-specific  inflammations,  the  specific  infiammations 
set  up  by  the  infective  granulomata  may  invade  the  lymphatic 
system.  The  lymphangitis  thus  induced  often  exhibits  no  special 
peculiarities ;  but  in  other  cases  the  specific  granulomatous  pro- 
liferation is  induced.  In  this  respect  tuberculosis  is  the  best 
example,  as  the  affection  leads  to  the  formation  of  characteristic 
nodes  within  the  lymph- channels. 
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25.  Inflammatory  processes  affecting  the  wall  of  a  lymphatic 
and  the  surrounding  tissue,  pressure  from  without,  the  irruption 
of  tumours  or  parasites  into  the  lymph-channel,  and  other  like 
causes,  often  bring  about  occlusion  of  the  vessel.  If  the  number 
of  lymphatics  thus  obliterated  is  not  great,  while  other  vessels 
remain  open  so  that  the  lymph  of  the  part  can  find  an  exit,  no 
further  change  is  usually  induced.  Even  the  thoracic  duct  may 
be  occluded  without  serious  danger,  for  other  collateral  paths  are 
opened  up.  But  if  the  efflux  of  lymph  is  entirely  prevented,  as 
in  filarial  disease,  lymphatic  engorgement  ensues  and  the  vessels 
become  gradually  dilated,  forming  what  is  called  lymphangiec- 
tasis.  This  affection  may  also  develope  without  demonstrable 
impediment  to  the  outflow  of  lymph,  generally  as  a  result  of 
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repeated  attacks  of  local  hyperaemia  or  inflammation,  but  at  times 
also  without  any  such  cause  being  apparent. 

Lymphangiectasis  following  inflammation  is  observed  chiefly 
in  connexion  with  the  form  of  cutaneous  and  subcutaneous  hyper- 
plasia known  as  elephantiasis.  The  skin  is  thickened,  and  on 
section  allows  an  abundance  of  clear  lymph  to  escape  from  the 
dilated  lymphatics.  Sometimes  the  epidermis  is  raised  in  blisters 
by  the  accumulated  lymph. 

Dilated  chyliferous  lymphatics  are  very  often  met  with  in  the 
mesentery :  the  usual  cause  is  obstruction  due  to  inflammatory 
or  neoplastic  growths  seated  in  the  mesentery  or  thoracic  duct. 
Sometimes  the  obstruction  is  due  to  lymphatic  thrombosis.  The 
dilated  vessels  look  like  straight  cylindrical  ridges  or  convoluted 
saccular  or  moniliform  cords ;  their  contents  are  either  white  and 
limpid  or  pulpy  and  caseous. 

Lymphangiectasis,  not  associated  with  engorgement  or  inflam- 
mation, is  generally  congenital  or  depends  upon  congenital  de- 
fects. The  affection  known  as  lymphangiectatic  macroglossia 
and  macrocheilia,  a  peculiar  overgrowth  of  tongue  and  lips,  is 
due  essentially  to  dilatation  of  the  lymphatics  of  the  parts.  Lym- 
phangiectases  of  the  skin,  such  as  are  often  met  with  in  the 
inguinal  region,  scrotum,  labia  pudendi,  lower  limbs,  and  thorax, 
are  of  the  same  nature.  They  sometimes  take  the  form  of  diffuse 
thickenings  which  are  termed  lymphangiectatic  elephantiasis, 
or  of  circumscribed  tumour-like  swellings,  and  are  hence  classed 
with  the  tumours  as  lymphangiomata.  It  is  not  possible  to  draw 
a  sharp  line  between  the  swellings  of  this  nature  which  we  might 
fitly  call  tumours  and  the  others. 

In  addition  to  the  lymphatic  tumours  described  as  lymphangio- 
mata we  have  a  class  of  new-growths  specially  affecting  the  lym- 
phatic vessels,  and  known  as  endotheliomata.  They  have  been 
described  chiefly  as  tumours  of  the  serous  membranes,  of  the  pia 
and  dura  mater,  and  of  the  skin ;  and  are  either  flattened  and 
diffuse  or  rounded  and  circumscribed  swellings.  They  are  classed 
with  the  sarcomata,  and  are  characterised  by  endothelial  prolif- 
eration and  by  the  formation  of  peculiar  nests  and  clusters  of  ceUs 
lying  in  a  kind  of  fibrous  stroma.  Their  structure  thus  resembles 
in  many  points  that  of  carcinoma. 

When  tumours  break  into  the  lymphatic  channels  the  endo- 
thelial cells  may  take  part  in  the  neoplastic  proliferation,  and 
produce  connective  tissue.  It  is  doubtful  whether  they  have  the 
power  of  producing  cancer-cells.  According  to  the  prevailing 
opinion,  cancer-cells  are  produced  only  by  multiplication  of  cells 
of  a  similar  nature  that  have  reached  the  lymph-channels. 
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26.  The  spleen  is  an  organ  which  plays  a  peculiar  and  impor- 
tant part  in  the  metabolism  of  the  blood ;  and  its  relation  to  the 
vital  functions  of  the  blood  accounts  in  some  measure  for  its 
anatomical  structure  and  for  its  special  relation  to  the  vascular 
mechanism.  The  characteristic  tissue  of  the  organ  is  the  red 
spleen-pulp,  which  is  com- 
posed of  blood-vessels  and 
adenoid  tissue. 

The  spleen-pulp  (Fig. 
54)  consists  of  cellular  tis- 
sue, having  a  delicate  mem- 
branous reticular  stroma, 
which  is  strengthened  by 
stouter  fibrous  strands  or 
septa  originating  in  the 
capsule  or  in  the  connective 
tissue  about  the  hilum,  and 
traversed  by  delicate  arte- 
rioles (c)  and  by  wide  thin- 
walled  venous  capillaries 
or  venules  (a  a^).  The 
mode  of  communication  be- 
tween the  arteries  and  the 
veins  is  not  yet  finally  de- 
termined. Bannwabth 
is  of  opinion  that  the  arte- 
rial capillaries  empty  their 
blood  into  the  pulp,  and 
that  the  venous  capillaries 
take  up  their  blood  from  it. 
Others  maintain  that  there 
is  direct  communication  be- 
tween the  arterioles  and  the  venules,  but  the  walls  of  the  vessels 
are  said  to  be  not  continuous  but  perforated.  The  walls  of  the 
small  veins  (a  a{)  and  arterial  capillaries  (e)  consist  of  a  some- 
what closer  stratum  of  the  reticulum  of  the  pulp,  and  of  an  endo- 
thelial lining  of  flattened  spindle-cells  (J),  the  nuclei  of  which 


Fig.  54.    Section  of  the  dakk-bed  spleen- 

PDLP. 

(From  a  child  dead  of  acute  pyaemia :  prepara- 
tion hardened  in  Miiller's  fluid  and  alcohol, 
and  stained  with  gentian-violet :  X  200) 


transverse  section  and 

longitudinal  section  of  the  venous  capilla- 
ries or  venules  of  the  pulp 

endothelium  of  venule 

arterial  capillary 

pulp-trabeculae  with  colourless  cells  and  red 
blood-corpuscles 

disintegrated  red  hlood-corpuscles  and  cells 
containing  corpuscles 

colonies  of  micrococci  in  a  vein 

necrotic  tissue 
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project  into  the  lumen  of  the  vessel.  The  pulp-tissue  lying 
between, the  vessels  contains  lymphoid  cells  and  larger  rounded 
colourless  cells  with  one  or  more  nuclei  (c?),  ordinary  red  cor- 
puscles, together  with  corpascle-carrying  cells  (e),  pigment- 
granule  cells,  and  free  yellowish  or  brownish  or  rust-coloured 
pigment. 

In  addition  to  the  pulp,  the  spleen  contains  lymphadenoid 
structures  known  as  malpighian  follicles  (or  corpuscles).  They 
form  whitish  granules  within  the  red  pulp,  and  are  developed  by 
a  partial  transformation  of  the  fibro-cellular  sheaths  of  the  arteries 
into  reticular  connective  tissue.  They  either  are  situated  at  the 
side  of  the  arteries  or  surround  them,  and  have  a  diameter  of  from 
0.2  to  0.8  mm.  They  contain  only  small  capillary  vessels  which 
enter  into  the  substance  of  the  pulp. 

The  external  form  of  the  spleen  is  somewhat  variable,  but  it 
is  generally  more  or  less  flattened  or  tongue-shaped.  It  is  often 
remarkably  lobulated,  or  at  least  deeply  indented.  One  or  more 
supernumerary  spleens  or  spleniculi,  from  the  size  of  a  bean  to 
that  of  a  hazel-nut,  are  occasionally  found  near  the  spleen.  Mis- 
placements of  the  spleen  are  common.  The  weight  of  the  normal 
organ  in  an  adult  varies  between  130  and  250  grammes. 

Complete  absence  of  the  spleen  is  very  rare,  but  does 
occur  in  persons  who  are  otherwise  perfectly  well-formed.  The 
malpighian  follicles  are  often  so  small  as  to  be  unrecognisable  by 
the  naked  eye,  or  seen  only  with  difficulty. 

The  functions  of  the  spleen  are  as  yet  imperfectly  ascertained, 
though  it  is  perhaps  now  established  that  the  red  corpuscles  are 
broken  up  within  it.  The  corpuscles  pass  into  the  spleen-pulp 
and  are  disintegrated  within  its  cells,  haemosiderin  being  thus 
formed.  New  red  blood-corpuscles  are  probably  not  produced  in 
the  spleen,  but  colourless  cells  are  supplied  to  the  blood  from  the 
malpighian  follicles. 

When  elsewhere  in  the  body  an  increased  destruction  of  red  and 
colourless  blood-corpuscles  takes  place,  the  products  of  disintegra- 
tion are  in  large  part  brought  to  the  spleen,  and  are  there  destroyed 
and  re-absorbed.  The  increased  afflux  of  matters  in  process  of 
disintegration  is  usually  accompanied  by  congestive  hyperaemia 
of  the  spleen,  and  is  apt  to  produce  a  swelling  of  the  organ,  which 
has  been  described  as  a  spodogenous  splenic  tumour  (o-ttoSo? 
ashes).  When  the  material  so  brought  is  chiefly  composed  of 
dead  red  corpuscles  and  their  dSbris,  the  number  of  splenic  cells 
containing  corpuscles  and  pigment  is  increased  ;  this  may  lead  to 
a  rust-coloured  pigmentation  of  the  organ,  from  an  increase  in  the 
number  of  cells  containing  granules  of  haemosiderin.  If  dying 
or  dead  leucocytes  reach  the  spleen,  they  also  are  taken  up  by  the 
cells  of  the  pulp  and  destroyed.    . 

Foreign  matters,  such  as  coal-dust,  circulating  in  the  blood, 
are  especially  apt  to  be  deposited  in  the  spleen-pulp,  where  they 


ART.   27]  SPLENIC    DEGENERATION  105 

lodge  chiefly  in  the  adventitial  sheaths  of  the  arteries.  If  a  folli- 
cle be  situated  at  the  side  of  a  vessel,  the  coal-dust  seems  to  be 
deposited  with  preference  on  the  opposite  side  (Arnold),  but 
the  deposit  may  completely  surround  the  arteriole.  When  an 
arteriole  traverses  the  centre  of  a  follicle,  the  pigment  is  gener- 
ally found  in  its  immediate  vicinity,  spreading  thence  into  the 
substance  of  the  follicle. 
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27.  Simple  atrophy  of  the  spleen  occurs  chiefly  in  aged  or 
marasmic  patients.  The  organ  is  small,  the  capsule  wrinkled  and 
sometimes  thickened ;  the  pulp  •  seems  loose,  pale,  and  tough,  its 
cells  are  scanty,  the  vessels  are  imperfectly  filled  with  blood,  and 
the  trabeculae  appear  relatively  prominent. 

Amyloid  degeneration  appears  most  frequently  in  the  form 
of  the  so-called  sago  spleen,  in  which  the  amyloid  deposits  are 
found  chiefly  in  the  reticular  tissue  of  the  periarterial  malpighian 
follicles,  and  thence  extend  to  the  pulp  (Fig.  55  S).  The  spleen 
is  usually  somewhat  enlarged,  and  of  a  much  firmer  consistence 
than  normal.  In  the  brownish-red  or  greyish-red  pulp,  instead 
of  the  normal  whitish  follicles,  are  found  light-brown  hyaline 
translucent  masses,  resembling  grains  of  boiled  sago,  and  in  size 
considerably  larger  than  the  normal  follicles.  These  bodies  are 
composed  of  a' hyaline  substance  (Fig.  55  5),  within  which  usu- 
ally only  the  nuclei  of  the  connective  tissue  and  scattered  leu- 
cocytes are  still  to  be  seen.  When  the  degeneration  affects  the 
pulp  by  extension,  or  when  it  begins  therein,  the  resulting  degen- 
eration is  more  diffuse,  and  the  spleen  becomes  firmer  and  is  more 
uniformly  hyaline.  Its  resemblance  to  the  rind  of  boiled  bacon  has 
led  to  the  name  of  la-j^aceous  or  bacon  spleen  which  is  generally 
applied  to  it.  '-^       •; . 
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The  arteries  are  sometimes  free  from  the  amyloid  change  (a), 
but  sometimes  they  also  have  undergone  degeneration.  In  amy- 
loid degeneration  of  the  pulp  the  walls  of  the  capillaries  and  of 
the  veins  are  markedly  degenerate  and  thickened. 

According  to  Stilling,  an  amyloid  spleen  may  contain,  in  the 
media  of  the  arteries  and  in  the  tissue  immediately  surrounding 
them,  as  well  as  in  the  trabeculae  of  the  reticulum,  hyaline 
masses  that  do  not  give  the  characteristic  amyloid  reaction  with 
iodine.  Under  like  conditions  to  those  which  cause  amyloid 
degeneration  a  hyaline  degeneration,  affecting  the  vessels  and 
the  reticulum  of  the  follicles,  is  sometimes  observed. 

Rupture  of  the  spleen  may  take  place  spontaneously  when  the 
organ  becomes  abnormally  enlarged.     Traumatic  rupture  is  more 


Fig.  55. 

(Preparation  hardened  in  Mailer's  fluid,  stained  with  haematoxylin  and  eosin,  and 
mounted  in  Canada  balsam:    x  30) 

a    transverse  section  of  branches  of  the  splenic  artery 

6    amyloid  patches  c    pulp  d    trabeculae 

common,  and  may  occur  in  a  healthy  spleen  or  in  one  which  has 
already  undergone  morbid  changes.  Ruptures  of  any  considerable 
size  are  followed  by  very  grave  haemorrhage.  If  the  haemorrhage 
be  stayed  by  the  formation  of  a  coagulum  filling  the  rent,  the 
wound  may  heal  as  in  other  organs,  the  clot  being  gradually 
absorbed  and  finally  replaced  by  a  scar.  The  same  process  takes 
place  in  other  wounds  of  the  spleen. 

28.     Passive  hyperaexuia  or  engorgement  of  the  spleen,  with 
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its  attendant  consequences,  follows  upon  such  disorders  of  the  cir- 
culation as  interfere  with  the  emptying  of  the  splenic  veins.  When 
the  hyperaemia  is  recent,  the  spleen  is  increased  in  size,  filled 
with  blood,  and  of  a  dark  blackish-red  colour.  Its  veins  are  dis- 
tended, and  the  pulp  contains  more  than  the  normal  proportion  of 
red  blood-corpuscles.  "When  engorgement  of  the  spleen  has  per- 
sisted for  some  time,  the  organ  is  usually  found  to  be  either 
normal  in  size  or  somewhat  enlarged :  it  is  rarely  smaller.  It  is 
commonly  more  cup-shaped  than  in  health,  and  its  edges  are  more 
rounded.  Its  firmness  and  toughness  are  always  increased,  and 
sometimes  it  is  almost  hard  (cyanotic  induration),  owing  to  the 
greater  density  of  the  pulp.  The  trabeculae  stand  out  sharply ; 
and  the  capsule  is  often  thickened.  The  chief  textural  alteration 
in  such  a  spleen  consists  in  the  increased  amount  of  fibrous  tissue 
it  contains,  the  increase  showing  itself  in  the  trabeculae  and  in 
the  walls  and  sheaths  of  the  vessels.  Occasionally  the  septal 
strands  of  the  reticulum  of  the  pulp  are  found  to  be  slightly 
thickened. 

Thrombosis  of  the  splenic  veins  leads  to  notable  swelling 
of  the  spleen.  Through  the  calcification  of  thrombi  in  dilated 
branches  of  the  splenic  veins,  concretions  resembling  calcified 
parasites  (such  as  Pentastoma)  are  formed. 

Anaemia  of  the  spleen,  such  as  follows  from  great  haemor- 
rhage or  from  pressure  exerted  by  the  adjacent  organs,  manifests 
itself  by  the  very  pale  colour  of  the  pulp. 

Embolic  infarction  of  the  spleen  is  usually  consequent  upon 
the  loosening  of  portions  of  cardiac  or  aortic  thrombi :  the  in- 
farcts are  generally  from  the  first  pale  and  anaemic ;  they  are  less 
frequently  haemorrhagic.  They  are  of  various  dimensions  ;  small 
ones  may  be  of  the  size  of  a  cherry,  larger  ones  may  extend  over 
as  much  as  half  or  more  or  even  over  the  whole  of  the  spleen. 

The  infarcts  that  are  usually  seen  at  post-mortem  examina- 
tions are  either  of  a  dirty -yellow  colour  throughout,  or  the  centre 
is  of  a  dull  or  greyish-yellow  or  reddish-brown  tint,  while  the 
margin  remains  dark. 

In  the  red  or  haemorrhagic  infarct  the  veins  and  capillaries,  as 
well  as  the  splenic  pulp,  are  fully  distended  with  blood.  The 
follicles  are  infiltrated  with  extravasated  blood  only  at  their  mar- 
gins, the  centres  being  usually  unaffected.  In  anaemic  infarcts 
the  red  corpuscles  are  in  part  disintegrated  into  granular  masses, 
and  in  part  deformed  and  decolorised.  The  nuclei  of  the  trabe- 
culae are  no  longer  visible,  the  trabeculae  themselves  being  swollen 
and  beset  with  oil-globules.  The  lymphoid  follicles  are  either 
necrotic,  or  in  process  of  breaking  up  into  granular  and  fatty 
detritus,  few  nuclei  being  visible.  At  a  later  stage  the  reticulum 
and  cells  are  alike  transformed  into  a  granular  mass — in  other 
words  the  entire  tissue  perishes  by  necrosis.  Traces  of  the 
normal  structure  remain  only  in  the  marginal  zone  of  the  infarct, 
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in  which  staining-reagents  still  bring  out  the  nuclei  of  the  cells 
and  the  trabeculae. 

Inflammation  and  hyperplasia  of  the  surrounding  splenic  tissue 
follow  the  necrosis,  and  the  necrotic  mass  is  thus  by  degrees 
re-absorbed.  After  a  time  a  dense  shrunken  radiating  cicatrix  is 
formed  in  the  site  of  the  infarct ;  it  is  often  pigmented,  or  flecked 
with  shining  white  spots.  Large  infarcts  are  sometimes  imper- 
fectly re-absorbed,  so  that  the  cicatrix  encloses  a  necrotic  caseous 
patch. 

If  bacteria  reach  the  seat  of  infarction,  purulent  or  gangrenous 
inflammation  may  be  set  up  instead  of  the  changes  just  described. 

References  on  Engorgement  and  Infarction  of  the  Spleen. 

Billroth  :  Pathology  of  the  spleen  V.  A.  2&  1862 

Bonne  :  Thrombose  der  Vena  lienalis  Gdttingen  1884 

GuiLLEBEAU  :  Histologie  d.  haemorrhag.  Infarkte  Berne  1880 

Hamilton  :  Infarction  Liverpool  med.-chir.  Journ:  5  1883 

LiTTEN :  Infarcts  Z.  f.  klin.  med.  i 

NiKOLAiDES :  Histology  of  the  engorged  spleen  V.  A.  82  1880 

Pilliet  :  Senile  changes  in  the  spleen  A .  de  med.  exp.  v  1893 

Sokoloff:  Venous  hyperaemia  V.  A.  112  1888 

Weigert:  Morbid  coagulative  processes  (infarction)  V.  A.79  1880 

29.  Congestive  hyperaemia  occurs  most  frequently  as  a 
morbid  condition  in  those  infective  diseases  which  are  accom- 
panied by  contamination  of  the  blood  with  parasites  or  poisons. 
An  acute  enlargement  of  the  spleen  is  thus  produced,  the 
organ  often  reaching  a  considerable  size.  The  capillaries  and  the 
veins  undergo  a  marked  widening  of  their  lumen,  and  the  mass 
of  the  spleen-pulp  contains  more  blood-corpuscles  than  in  its  nor- 
mal condition.  The  pulp  is  stained  an  intense  red,  and  is  so  soft 
that  on  section  it  may  be  easily  scraped  away.  The  malpighian 
follicles  sometimes  stand  out  distinctly  as  white  nodules ;  some- 
times they  are  scarcely  recognisable  amid  the  swollen  pulp. 

The  congestive  hyperaemia  may  pass  away  rapidly,  but  it 
often  persists  for  some  time,  and  further  changes  are  set  up  in 
consequence.  This  is  especially  the  case  with  the  enlargement 
accompanying  typhoid  fever,  pyaemia,  relapsing  fever,  ague, 
acute  nephritis,  scarlatina,  and  anthrax.  When  the  enlargement 
has  existed  for  a  time  the  pulp  appears  no  longer  red,  but  greyish, 
or  pale  reddish-grey,  and  is  excessively  soft,  so  that  if  the  body 
be  not  entirely  fresh  the  pulp  will  be  almost  diffluent.  With  the 
paling  of  the  colour  the  volume  usually  increases,  reaching  some- 
times the  double  or  quadruple  of  its  normal  size.  In  extreme 
cases  the  swelling  may  lead  to  bursting  of  the  capsule,  and  thus 
to  rupture  of  the  splenic  tissue. 

Enlargements  of  the  spleen  which  are  characterised  by  a  grey- 
ish-red or  greyish-white  colour  of  the  pulp,  are  to  be  regarded  as 
due  to  inflammation,  and  the  process  is  called  splenitis.     In  red 
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spleens  also  histological  changes  are  often  found  that  show  the 
process  to  be  an  inflammatory  one,  hyperaemia  having  passed  into 
inflammation.  In  severe  cases  the  splenic  capsule  is  sometimes 
involved  and  becomes  covered  with  fibrinous  or  fibrino-purulent 
or  purulent  exudations,  so  that  we  may  speak  of  the  condition 
as  perisplenitis. 

The  hyperaemia  and  inflammation  of  the  spleen  accompanying 
infective  diseases  are  caused  partly  by  the  micro-parasites  inter- 
cepted and  retained  within  the  splenic  tissue,  partly  by  the  toxic 
products  elaborated  by  them.     Accordingly  in  many  of  the  infec- 


Fig.  56.    Lymphoid  follicle  of  the  spleen  with  central  necrosis. 

{From  a  case  of  diphtheria :  preparation  hardened  in  Flemming's  acid  solution,  stained 
with  sajfranin,  and  mounted  in  Canada  balsam:  x  300) 

a    central  portion  of  the  follicle,  with  numerous  small  masses  of  cellular  detritus  and 

a  protoplasmic  network  containing  feebly-stained  nuclei 
6    peripheral  zone  containing  leucocytes 

tions  (pyaemia,  typhoid  fever,  relapsing  fever,  anthrax,  diphthe- 
ria, malaria),  the  presence  of  such  parasites  is  demonstrable  in 
the  blood-vessels  (Fig.  54),  in  the  pulp  (Fig.  57),  or  in  the  folli- 
cles. When  excessive  destruction  of  the  blood  from  any  cause 
takes  place,  the  products  of  disintegration  thus  formed  may  also 
be  deposited  in  the  spleen,  and  produce  '  spodogenous '  enlarge- 
ment. 

The  micro-organisms  brought  to  the  spleen  and  the  special 
poisons  they  elaborate  not  rarely  give  rise  to  more  or  less  exten- 
sive necrosis  of  its  tissue,  affecting  the  follicles  or  the  pulp.  In 
pyaemic  infection  necroses   occur  in  the  neighbourhood  of  the 
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colonies  of  bacteria  developing  within  the  spleen  (Fig.  54^).  In 
diphtheria,  on  the  other  hand,  in  which  the  pulp  is  usually  only 
slightly  swollen  and  fairly  firm,  the  follicles  appear  prominent 
by  reason  of  their  size  and  their  dull  white  colour.  Necrosis 
of  numerous  lymphoid  cells  within  the  follicles  is  often  observed, 
their  nuclei  breaking  down  and  their  protoplasm  becoming  lique- 
fied to  such  an  extent  that  the  follicles  (Fig.  56)  consist  only 
of  nuclear  detritus  (a),  while  at  the  same  time  the  adenoid  reticu- 
lum is  reduced  to  a  network  of  swollen  cells  with  pale  nuclei^ 

In  relapsing  fever  the  swollen  and  red  or  reddish-brown 
spleen  contains  areas  resembling  ischaemic  infarcts  (Art.  28), 
pale-yellow  necrotic  patches,  and  also  small  spots  of  necrosis 
limited  to  the  follicles,  within  which  (Nikipoboff)  the  cells  are 
dead  and  devoid  of  nuclei.  In  patients  who  have  died  during  an 
acute  exacerbation  of  relapsing  fever,  the  spleen  shows,  near  the 
patches  of  necrosis,  areas  in  which  some  only  of  the  cells  have 
lost  their  nuclei  (Fig.  57  e),  and  in  these  areas  can  be  seen  more 
or  less  numerous  groups  of  the  specific  spirilla  lying  free  (a)  or 
enclosed  within  nucleated  or  denucleated  cells. 

In  typhoid  fever  also  the  swollen  spleen  contains  large  pale- 
yellow  necrotic  masses,  resembling  anaemic  infarcts,  due  proba- 
bly not  to  any  direct  action  of  the  specific  bacteria,  but  to  disorder 
of  the  circulation  from  coagulative  changes  within  the  blood- 
vessels. It  is  very  probable  that  the  extensive  necrosis  met  with 
in  the  spleen  in  relapsing  fever  is  also  due  to  the  same  cause. 

Besides  the  above-named  degenerations  and  necroses,  which 
occur  only  in  certain  of  the  infections,  acutely-swollen  spleens 
show  a  more  or  less  marked  increase  of  the  cellular  elements  con- 
tained in  the  pulp  —  in  red  spleens  chiefly  of  the  red  blood-cor- 
puscles, in  pale  spleens  of  the  colourless  elements.  Among  the 
latter  occur  numerous  multinuclear  leucocytes.  At  times  fibrin- 
ous coagulation  takes  place,  especially  in  cases  associated  with 
necrosis.  Moreover,  according  to  the  nature  of  the  infection  and 
the  stage  the  disorder  has  reached,  we  may  find  disintegrated  and 
fatty  leucocytes  and  large  pulp-cells  containing  bacteria  or  other 
parasites  (such  as  the  Plasmodium  malariae),  or  large  uninuclear 
cells  (Fig.  57/)  containing  red  corpuscles  (sometimes  as  many  as 
ten)  or  haemosiderin  derived  from  them,  together  with  leuco- 
cytes, whole  or  disintegrated.  All  these  cells  may  be  found 
within  the  dilated  blood-vessels,  or  in  the  pulp.  The  endothelium 
of  the  veins  may  also  be  swollen  or  in  part  desquamated,  and  so 
likewise  the  cells  of  the  pulp-reticulum.  Karyokinetic  figures  are 
seen  more  or  less  frequently  in  the  living  ceUs  both  of  the  follicles 
and  of  the  pulp. 

The  further  course  and  the  consequences  of  congestive  hjrper- 
aemia  and  inflammation  of  the  spleen  differ  in  different  cases. 

As  the  general  disease  passes  away  the  infiltration  and  swelling 
of  the  spleen-pulp  usually  diminish.     The  red  and  white  blood- 
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cells  accumulated  in  the  pulp,  are  gradually  passed  on  or  destroyed, 
and  the  spleen  recovers  its  normal  size  and  appearance. 

In  other  cases  it  happens  that  after  inflammation  the  spleen 
remains  permanently  altered.  In  the  first  place  diffuse  or  circum- 
scribed thickenings  appear  on  the  capsule,  and  take  the  form  of 
flattened  lenticular  nodules  or  large  cicatricial  patches.  These 
appear  as  a  rule  when  the  spleen  has  been  covered  over  with 
a  fibrinous  exudation,  the  absorption  of  which  has  taken  place 
but  slowly,  while  part  of  it  is  replaced  by  granulation- tissue. 
Adhesions  of  the  spleen  to  the  surrounding  structures  are  a 
common  result  of  the  process. 

The  inflammatory  changes  sometimes  result  in  more  or  less 
extensive  atrophy  of  the  spleen,  the  pulp-tissue  decreasing  per- 


FiG.  57. 


Portion  of  tissue  and  isolated  cells  from  a  splenic  follicle 
undergoing  partial  necrosis. 


(After  Nikiforoff;  from  a  case  of  relapsing  fever :  preparation  fixed  in  bichromate  of 
potassium  and  corrosive  sublimate,  and  stained  with  methylene-blue :  x  about  600) 

e    small  uninuclear  pulp-cells 
/   phagocytes  containing  leucocytes  and  red 

corpuscles  with  their  detritus 
g   free  red  blood-corpuscles 


a  free  spirilla 

6  lymphocytes  with  spirilla 

c  lymphocytes  without  nuclei 

d  large  uninuclear  pUlp-cells 


ceptibly  in  bulk.  This  happens  chiefly  in  cases  accompanied  by 
indurative  thickening  of  the  capsule,  which  hinders  the  expansion 
of  the  organ.  The  trabeculae  are  sometimes  unchanged,  but 
occasionally  they  too  are  thickened. 

Enlargement  with  induration  of  the  splenic  tissue  is  especially 
apt  to  follow  repeated  attacks  of  hyperaemia  and  inflammation,  as 
in  malarial  fever,  and  is  dependent  either  upon  an  actual  increase 
of  the  pulp-tissue  or  upon  the  formation  of  new  connective  tissue 
within  the  reticular  framework.  Deposits  of  haemosiderin  or  of 
malarial  pigment  may  lead  to  a  simultaneous  pigmentation  of  the 
spleen.  The  pigment  lies  in  the  free  cells  of  the  pulp,  in  the  con- 
nective-tissue cells  of  the  trabeculae,  or  in  the  vessel-walls. 
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Inflammation  may  also  end  in  suppuration,  which  is  usually 
circumscribed,  and  leads  to  the  formation  of  a  splenic  abscess. 
In  some  cases  however,  the  foci  of  suppuration  are  scattered  so 
closely  throughout  the  entire  substance  of  the  organ  that  we 
might  fitly  describe  it  as  universal.  Small  abscesses  may  heal,  and 
be  replaced  by  connective  tissue  ;  large  ones  may  diminish  in  size 
by  the  absorption  of  the  pus,  their  cavities  being  closed  up  by 
granulations  and  cicatricial  tissue,  which  afterwards  undergo  cal- 
cification. The  splenic  abscess  often  breaks  through  the  capsule ; 
and  should  the  spleen  be  free  from  old  adhesions  the  pus  entering 
the  peritoneal  cavity  gives  rise  to  fatal  peritonitis.  If  adhesions 
to  contiguous  organs  have  been  previously  formed  the  abscess  may 
break  into  the  stomach,  intestine,  pleura,  or  lungs. 

References  on  Acute  Enlargement  of  the  Spleen  in  Infective  Diseases, 
and  on  JPurulent  Splenitis. 
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30.  Persistent  or  progressive  splenic  enlargement,  due  to 
an  increase  of  the  essential  tissue  of  the  spleen,  must  be  regarded 
as  a  hyperplasia  of  the  organ.  It  occurs,  apart  from  inflamma- 
tory conditions,  as  a  definite  disease  associated  with  certain  mor- 
bid changes  in  the  blood,  which  manifest  themselves  either  by 
leukaemia  (Art.  2)  or  by  simple  anaemia.  The  former  com- 
bination is  called  leukaemic,  and  the  latter  pseudo-leukaemic, 
hyperplasia  of  the  spleen.  In  their  histological  structure  these 
two  forms  of  splenic  tumour  are  very  much  alike,  and  cannot 
be  distinguished  by  mere  examination  of  the  spleen,  without 
reference  to  the  condition  of  the  blood.  The  aetiology  of  the 
disease  is  unknown;  its  course  is  a  chronic  one,  though  acute  cases 
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are  recorded  in  which  death  took  place  in  a  short  time.  The 
change  in  the  spleen  is  in  some  instances  the  only  primary  organic 
affection  present;  in  other  cases  it  is  combined  with  analogous 
changes  in  the  lymph-glands  (Art.  38)  and  in  the  bone-marrow 
(Art.  41).  The  morbid  hyperplasia  may  start  first  in  the  spleen, 
in  the  lymph-glands,  or  in  the  bone-marrow. 

The  hyperplasia  as  a  rule  extends  uniformly  over  the  entire 
spleen  ;  it  is  rarely  limited  to  isolated  patches.  So  far  as  is 
known  the  affection  commences  with  an  increase  of  the  entire 
parenchyma,  the  constituent  elements  all  undergoing  hyperplasia. 
The  tissue  is  bright-red  and  soft,  the  follicles  being  nowhere 
markedly  prominent.  In  a  much  rarer  form  of  the  affection 
the  malpighian  follicles  (Fig.  58  a)  first  become  hypertrophied, 
and  stand  out  as  greyish  nodules  or  as  white  lobulated  clusters 
or  beaded  strings. 


J* 
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Fig.  58.    Hypertrophy  of  the  follicles  op  the  spleen. 

(From  a  case  of  spleno-lymphatic  leukaemia  in  a  child:  natural  size) 

u,    white  lymphoid  follicle  6    yellowish  ischaemic  infarct 

As  the  parenchyma  increases  in  size  the  originally  soft  tissue 
becomes  firmer,  and  at  the  same  time  paler.  The  follicles  are 
often  at  this  stage  but  slightly  enlarged,  but  they  sometimes 
become  hypertrophied  and  form  whitish  nodes  and  clusters  of  con- 
siderable size  (Fig.  58).  The  capsule  is  generally  somewhat 
thickened  and  beset  with  coarse  fibrous  patches  of  various  sizes, 
and  adhesions  are  often  formed  between  it  and  the  surrounding 
organs.  The  enlargement  thus  brought  about  may  be  very  con- 
siderable, the  weight  of  the  spleen  sometimes  reaching  three  or 
more  kilogrammes. 

In  the  earlier  stages  the  hyperplastic  enlargement  of  the  pulp 
and  follicles,  apart  from  the  amount  of  blood  that  may  be  present, 
is  primarily  due  to  an  increase  in  the  number  of  the  constituent 
cells.     Later  on  the  connective  tissue  increases  in  amount,  and  so 
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leads  to  the  greater  consistence  of  the  organ.  "When  the  follicles 
develope  into  nodes  of  any  size  they  compress  the  spleen-pulp 
more  or  less  between  them,  and  this  part  of  the  structure  often 
becomes  atrophied  in  consequence.  It  is  then  found  to  contain 
fatty  degenerate  cells  and  pigment-granules  either  free  or  en- 
closed in  cells.  The  section  thus  assumes  a  peculiar  mottled  or 
marbled  appearance,  the  brown  and  yellow  pigmented  and  atro- 
phied pulp  alternating  with  greyish  and  yellowish  follicular 
nodules.  The  disorders  of  circulation  consequent  upon  these 
textural  alterations  often  lead  in  the  later  stages  to  the  formation 
of  haemorrhagic  infarcts  and  anaemic  necroses  (Fig.  58  J) ;  these, 
according  to  their  age,  appear  as  red,  brown,  or  yellow  and  clay- 
coloured  patches.  Haemorrhagic  and  anaemic  necroses,  after  re- 
absorption  has  taken  place,  sometimes  leave  behind  fibrous  and 
occasionally  pigmented  cicatrices.  In  hyperplastic  spleens  of  long 
standing  the  enlarged  follicles  have  to  a  great  extent  lost  their 
original  structure,  and  consist  of  fibro-cellular  tissue  with  no  trace 
of  the  original  reticulum.  The  pulp  also  becomes  in  places  more 
fibrous,  and  loses  much  of  its  characteristic  structure. 

A  second  form  of  splenic  hyperplasia  is  met  with  in  cases 
where  enlargement  of  the  spleen  accompanies  hypertrophic  or 
atrophic  cirrhosis  of  the  liver.  In  this  form  also  the  spleen  may 
attain  a  very  considerable  size,  so  that  its  weight  reaches  from 
600  to  1000  grammes  or  more.  Under  certain  conditions  it  may 
even  exceed  the  weight  of  the  liver. 

The  enlarged  spleen  in  cirrhosis  of  the  liver  is  similar  in 
appearance  to  the  leukaemie  and  the  pseudo-leukaemic  spleen, 
though  the  follicles  are  not  enlarged.  It  is  usually  regarded  as 
due  to  chronic  venous  engorgement  (Art.  28);  but  the  appear- 
ance of  the  pulp  is  against  this  view.  It  is  fairly  soft  in  consist- 
ence and  not  so  dark-red  as  in  the  hyperaemic  spleen,  and  the 
enlargement  may  be  very  considerable  even  when  there  is  no 
engorgement.  In  moderately-enlarged  spleens  the  pulp  is  rich  in 
red  and  colourless  corpuscles^  while  its  structure  is  not  materially 
altered.  Where  the  enlargement  is  extreme,  on  the  contrary,  the 
characteristic  structure  of  the  pulp  may  be  more  or  less  effaced 
and  the  reticular  tissue  in  part  replaced  by  large-celled  connective 
tissue  with  a  fibrillated  ground-substance.  It  is  somewhat  re- 
markable that  in  these  cases  the  spleen  contains  a  certain  number, 
sometimes  a  very  large  number,  of  fatty  degenerate  leucocytes. 

References  on  Splenic  Hyperplasia. 

Arnold  :  Cell-division  in  splenic  hyperplasia  V.  A.  95 1884 
Banti  :  Enlarged  spleen  in  hepatic  cirrhosis  Lo  Sperimentale  1894 
BiRCH-HiRSCHFELD  :  Gerhardt's  Handb.  d.  Kinderkr.  m 
GoWKRS :  Trans.  Path.  Soc.  xxix  London  1878 
Langhans  :  Malignant  lymphosarcoma  V.  A.  54  1872 
MosLER :  Path,  and  Therap.  der  Leukdmie  Berlin  1872 


ART.  31]  SPLENIC   TUBERCULOSIS   AND   SYPHILIS 


115 


Trousseau  :  Adenia  Clinique  med.  m 

ViRCHOW  :   V.  A.  5  1853,  and  Gesamm.  Abhandl.  1856 

Westphal  :  Pseudo-leukaemia  D.  A.f.  klin.  Med.  n  1893  (with  references) 

31.  Tubercles  are  very  frequently  found  in  the  spleen.  In 
acute  general  tuberculosis,  miliary  tubercles  are  nearly  always 
present  both  in  the  parenchyma  and  in  the  capsule.  In  chronic 
tuberculosis  the  disease  when  it  affects  the  spleen  gives  rise  to 
caseous  nodes  of  various  sizes  (Fig.  59  a),  whose  centres  gener- 
ally soften  and  break  down.  The  tubercles  are  situated  in  the 
malpighian  follicles,  in  the  arterial  sheaths,  and  in  the  pulp. 

In  leprosy,  aggregations  of  cells  containing  bacilli  make  their 
appearance  in  the  spleen. 


FiQ.  59.    Chronic  tuberculosis  of  the  spleen. 

(From  a  child :  natural  size) 

a    large  caseous  nodes 

Gummata  rarely  develope  in  the  spleen,  though  they  are  some- 
times met  with  both  in  congenital  and  in  acquired  syphilis.  They 
may  be  single  or  multiple,  forming  grey  translucent  nodes,  which 
in  later  stages  become  yellow  and  opaque  with  a  greyish-white 
translucent  periphery. 

Syphilis  may  also  manifest  itself  by  a  general  hyperplastic 
enlargement  of  the  spleen,  which  is  observed  mainly  in  the  con- 
genital form  of  the  disease  ;  in  some  cases  the  pulp-cells,  in  others 
the  fibrous  constituents,  take  the  chief  part  in  the  overgrowth. 
While  the  spleen  of  a  new-born  infant  weighs  about  9  grammes 
or  0-3  per  cent,  of  the  body-weight,  in  syphilitic  infants  the 
average  weight  of  the  spleen  is,  according  to  Bikch-Hirschpbld, 
14  grammes  or  0-7  per  cent,  of  the  body-weight,  and  it  may  be  as 
great  as  100  grammes  (Zibglbr). 

Actinomycosis  of  the  spleen  leads  to  purulent  inflammation. 


116  MOEBID   CHANGES   OP   THE   SPLEEN  [CHAP.  XII 

References  on  Syphilis  of  the  Spleen. 

Barensprung  :  Die  hereditare  Syphilis  Berlin  1864 

Baumgarten  :  Miliary  gummata  in  the  spleen  V.  A.  97  1884 

Beer  :  Die  Eingeweidesypkilis  Tiibingen  1884 

Birch-Hirschfeld  :  a.  d.  Heilk.  1875,  Gerhardt's  Handb.  d.  Kinderhrankh.  iv 

Gold  :   Vierieljahresschr.  f.  Derm.  u.  SypJi.  1880 

Lang  :   Varies,  iiber  Syphilis  ii  Wiesbaden  1885 

Virchow  :  Die  krankh.  Geschwulste 

Wagner  :  Syphiloma  A.  d.  Heilk.  iv  1863 

Weil:  D.  A.f.  klin.  Med.  xiii  1874 

32.  Primary  neoplasms  of  the  spleen  are  very  rare. 
Fibroma,  sarcoma,  angioma,  and  lymphangioma  have  been  met 
with.  Langhans  has  described  a  case  of  pulsating  cavernous 
angioma  of  the  spleen,  with  metastases  in  the  liver.  The  new- 
growth  occupied  nine-tenths  of  the  already  greatly-enlarged  bulk 
of  the  spleen. 

Cysts  containing  serous  liquid  may  occur  in  the  splenic  cap- 
sule ;  they  are  produced  by  the  abstriction  of  portions  of  the  peri- 
toneal endothelium  (Renngli).     They  are  however  very  rare. 

Metastatic  groivths,  especially  of  carcinoma  and  sarcoma, 
are  more  common  than  the  primary  forms.  They  usually  take 
the  shape  of  rounded  nodules. 

Pentastoma,  Eohinococcus  (hydatids),  and  Cysticereus  are  met 
with  as  animal  parasites  of  the  spleen. 

References  on  Tumours  of  the  Spleen. 

Barbacci  :  Lymphangioma  Lo  Sperimentale  1891 

Eilelt  :  Prag.  Vierteljahrsschrift  76  1862 

Fink  :  Fibroma  and  lymphangioma  Prag.  Z.  f.  Heilk.  vi  1885 

Langhans  :  Cavernous  tumour  V.  A.  7o  1879 

Martin  :    Cavernous  tumours  and  sarcoma  of  the  spleen  in  the  horse  Jahresber. 

d.  K.  ThierarzneischiUe  Munich  1882-83 
Renggli  :  Multiple  cysts  of  the  spleen  Inaug.  Diss.  Zurich  1894 
Schefper:  Jahrb.f.  Kinderheilk.  XV  1880 
Spillmann:  Cystic  haematoma  A.  de pkysiol.  1876 
Weichselbaum  :  Sarcoma  and  lymphoma  V.  A.  85  1884 
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CHAPTER   XIII 
MORBID  CHANGES  IN  THE  LYMPH-GLANDS 

33.  The  lymph-glands  are  structures  of  peculiar  formation 
intercalated  in  the  course  of  the  lymphatic  vessels :  they  consist  on 
the  one  hand  of  the  lymph-paths  or  sinuses  communicating  with 
the  lymphatics  (Fig.  61  b  and  Fig.  62  b  c),  on  the  other  of  the 
lymphatic  follicles  (Fig.  61  a  and  Fig.  64  a)  and  the  inter- 
foUicular  septa.  The  supporting  framework  of  both  sets  of 
structures  is  a  reticular  connective  tissue,  whose  trabeculae  con- 
tain nuclei  at  their  intersections  and  are  covered  with  a  layer  of 
endothelium,  and  whose  meshes  enclose  free  lymphoid  cells.  In 
the  lymphatic  follicles  a  central  region  can  be  distinguished,  the 
cells  of  which  are  somewhat  larger  and  stain  less  readily  than  the 
lymphocytes  of  the  peripheral  zone.  Among  the  larger  cells  a 
number  always  contain  nuclei  in  process  of  division,  so  that  this 
region  is  to  be  regarded  as  the  germinal  centre  (Fig.  64  a)  of  the 
lymph-gland,  from  which  new  cells  are  continually  being  produced 
and  supplied  to  the  lymph  flowing  through  the  gland.  The  deli- 
cate reticular  framework  is  supported  by  a  many-layered  fibrillar 
capsule  ;  from  this  trabecular  septa  extend  into  the  interior  and 
unite  at  the  hilum  of  the  gland,  thus  dividing  the  parenchyma 
into  separate  segments  or  loculi. 

Simple  atrophy  of  the  lymph-glands  is  to  some  extent  a 
normal  accompaniment  of  advanced  age,  when  the  lymph-glands 
and  the  lymphadenoid  follicles  of  the  mucous  membranes  tend 
to  become  smaller.  When  this  shrinkage  takes  place  early  in 
life,  or  in  an  aged  person  to  an  unusual  degree,  it  must  be  regarded 
as  pathological. 

The  lymphoid  elements,  especially  those  in  the  centre  of  the 
gland,  are  first  and  most  markedly  affected.  They  may  entirely 
disappear,  the  remaining  connective  tissue  being  changed  into 
adipose  tissue,  beginning  at  the  hilum.  This  change  is  most 
frequently  observed  in  the  mesenteric  glands. 

Atrophied  lymph-glands,  when  they  are  not  pigmented,  have 
a  light-grey  tint  and  are  usually  firmer  than  normal ;  when  they 
become  fatty  they  exhibit  the  characteristic  appearance  of  adi- 
pose tissue. 

Amyloid  degeneration  of  the  lymph-glands  usually  accom- 
panies amyloid  disease  of  other  organs ;  it  is  rarely  met  with  by 
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itself.  When  the  glands  alone  are  affected  the  change  is  nearly 
always  due  to  some  chronic  tuberculous  suppuration  within  the 
territory  whence  their  lymph-supply  is  drawn ;  at  times  the 
glands  themselves  are  also  beset  with  tubercles.  If  the  amyloid 
change  is  at  all  advanced  it  is  often  distinguishable  by  the  dull 
greyish  tint  and  firm  consistence  of  the  glands  on  section ;  to 
make  certain,  however,  we  must  employ  the  iodine  or  methyl- 
violet  reaction,  or  examine  the  glands  microscopically.     At  times 

the  lymph-sinuses  are  chiefly 
affected ;  in  other  cases,  and 
this  occurs  more  frequently, 
the  follicles  and  the  septa. 

The  process  of  degenera- 
tion begins  with  a  hyaline 
thickening  of  the  reticular 
trabeculae  (Fig.  60  a).  Then 
the  thickened  trabeculae  be- 
come nodulated  (S)  and 
finally  by  coalescence  form 
continuous  homogeneous 
blocks  or  flakes.  The  nuclei 
of  the  reticulum  (e  d)  often 
remain  unaltered  for  an  as- 
tonishingly long  time,  but 
ultimately  they  disappear. 
The  lymphoid  elements  di- 
minish in  proportion  as  the 
reticulum  thickens,  and  may 
here  and  there  disappear 
entirely. 

Hyaline  degeneration 
occurs  within  the  lymph-glands,  especially  affecting  the  walls  of 
the  blood-vessels  (Fig.  35).  Other  portions  of  the  gland  may 
also  be  converted  into  hyaline  masses.  The  caseation  of  tuber- 
culous lymph-glands  is  sometimes  preceded  by  a  homogeneous 
degeneration  of  their  cells. 


Fig.  60.    Amyloid  swelling  of  the  adenoid 
reticulum. 

(^After  Ebbrth:    methyl-violet  preparation: 
X350) 

a  normal  reticulum 

6  swollen  reticulum 

c  unaltered  nucleus 

d  degenerate  nuclei 

e  normal  lymphoid  corpuscles 

/  atrophied  lymphoid  corpuscles 


References  on  Degeneration  of  the  Lymph-glands. 
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34.  Minutely-divided  foreign  substances  that  have  gained 
access  to  the  lymphatic  vessels  are  intercepted  and  retained  for 
a  longer  or  shorter  time  in  the  glands.  Dead  cells  thus  brought 
to  the  lymph-glands  are  there  disintegrated.  Thus,  during  the 
re-absorption  of  extravasated  blood,  the  detritus  of  the  red  blood- 
corpuscles  is  conveyed  to  the  lymph-glands  and  there  accumu- 
lates, enclosed  within  the  carrier-cells. 

At  first  the  pigment-carrying  cells  are  met  vrith  mainly  in  the 
lymph-sinuses  (Fig.  61  6),  but  afterwards  they  enter  the  follicles 
(a)  and  the  reticular  mesh-work.  If  they  are  numerous  the  lymph- 
gland  will  present  a  dark  brownish-red  or  rust-coloured  appearance, 
not  unlike  that  of  the  reddish-brown  spleen-pulp. 

Other  substances  may  in  like  manner  be  retained  in  the 
glands,  and  if  they  have  any  colour  of  their  own  the  gl^,nd  of 
course  becomes  pigmented.  The  most  familiar  instance  of  this 
is  the  grey  or  black  pigmentation  of  the  bronchial  glands  at 


Fig.  61.    Deposit  of  pigment-carrying  cells  in  a  lymph-gland  after 
resorption  op  an  extravasation  of  blood. 

{Preparation  hardened  in  MuUer's  fluid,  stained  with  carmine,  and  mounted  in  Canada 

balsam :  X  100) 


a    follicle  near  the  surface         6    lymph-slnus  in  a  septum 


pigment-granule  cell 


the  hilum  of  the  lung.  In  persons  who  have  had  their  skins 
tattooed  the  glands  which  receive  the  corresponding  lymphatics 
are  often  found  after  a  time  to  contain  some  of  the  insoluble 
pigment.  After  inflammation  of  the  skin  its  pigment  may  be 
carried  to  the  lymph-glands. 

The  consequences  of  this  deposit  of  inert  foreign  matters  in 
the  glands  depend  on  their  amount  and  on  their  physico-chemical 
nature.  Many  substances,  such  as  calcium  carbonate,  are  dis- 
solved ;  others,  like  charcoal  or  cinnabar,  remain  and  lead  to 
permanent  pigmentation.  They  lie  enclosed  in  lymphoid  cells 
(Fig.  62  c)  or  lodged  in  the  cells  of  the  reticulum  or  the  trabec- 
ulae.  If  the  amount  present  is  small  the  changes  induced  are 
trifling ;    larger   amounts   lead   to   shrinking   and   induration  of 
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the  gland.  The  lymphoid  elements  dwindle  and  disappear,  while 
the  meshes  of  the  reticulum  become  tilled  with  pigment-carrying 
cells  (Fig.  62  c  and  c')  and  free  pigment.    The  reticulum  may  be 

unaltered,  or  in  part  hyper- . 
plastic  (a),  in  which  case  it  is 
made  up  of  large  branching 
and  anastomosing  cells.  Dense 
fibrillar  connective  tissue  (5) 
is  often  formed  in  places,  and 
this  too  contains  pigment. 

When  insoluble  dust  is 
carried  to  the  gland  in  great 
abundance,  softening  as  well 
as  inflammation  and  hyper- 
plasia of  the  surrounding 
structures  may  take  place. 
This  sometimes  gives  rise  to 
adhesions  of  the  gland  to  the 
parts  in  its  immediate  neigh- 
bourhood, and  not  infre- 
quently results  in  ulceration 
of  the  adjacent  tissues. 

Chemically  -  active  sub- 
stances have  of  course  a  very 
different  effect,  as  also  such 
living  micro-organisms  as 
may  reach  the  glands.  They  usually  set  up  more  or  less  intense 
inflammation,  and  not  infrequently  lead  to  active  proliferation 
and  hyperplasia. 

References  on  the  Deposition  of  Foreign  Substances  in  the  Lymph- 

glands. 

Arnold  :  Staubirihalation  und  Staubmetastase  Leipzig  1885 

DE  FiLiPPi :  '  Ferratin '  Ziegler's  Beitrtige  xvi  1894 

Gabbi  :  Normal  haematolysis  Ziegler's  Beitrage  xiv  1893 

Gkohb  :  Melanaemia  V.A.20  1861 

HiNDENLANG  :  Pigmentation  of  lymph-glands  in  purpura  V.  A.  79  1880 

Obkonomides  :  Chronic  afEections  of  the  bronchial  glands  Inaug.  Diss.  Basle 

1882 
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Riehl:  Pigmentation  of  lymph-glands  in  Addison's  disease  Z.f.  klin.  Med.  x 
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Fig.  62.    Section    op    a   slatb-colouebd 
lymph-gland  of  the  lung. 

(Preparation  hardened  in  alcohol,  stained 
with  carmine,  and  mounted  in  Canada 
balsam ;  x  250) 

a    reticulum  made  up  of  large  branched  cells 

b    fibrillar  connective  tissue 

c  and  c'    round  cells  containing  pigment 


35.  Inflammation  of  lymph-glands  or  lymphadenitis  is 
usually  of  lymphogenous  origin,  but  it  may  also  be  set  up  by 
irritants  brought  to  the  glands  by  way  of  the  blood.  The  most 
frequent  causes  of  the  inflammation  are  bacteria,  or  the  chemically- 
active  poisons  or  '  toxins  '  produced  by  them. 
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The  chief  symptom  of  acute  inflammation  is  swelling  of  the 
gland  (in  the  inguinal  region  the  swelling  is  called  a  bubo). 
This  is  primarily  due  to  excessive  dilatation  of  the  blood-vessels 
bf  the  gland,  and  is  afterwards  increased  by  the  accumulation' of 
inflammatory  exudations  in  the  gland-tissue.  The  appearance  of 
the  inflamed  gland  varies  with  the  intensity  of  the  hyperaemia 
and  the  condition  of  its  parenchyma;  its  colour  is  sometimes  grey- 
ish-red to  dark-red,  sometimes  light-grey  or  greyish-white  :  in 
consistence  the  tissue  is  usually  soft  and  moist.  In  severe  cases  of 
longer  duration  patches  of  necrosis  appear,  which  are  small  (as  in 
diphtheria)   or  large   (as  in  typhoid  fever),  and  have  a  turbid 


Fig.  63.  Inflammatory  oedema  of  a  lymph-gland,  with  catabkhal  desquam- 
ation OF  THE  endothelium  OF  THE  LYMPH-CHANNELS. 

(From  a  cervical  gland  of  a  child  dead  of  scarlet  fever:  ■preparation  hardened  in  Mai- 
ler's fluid,  stained  with  haematoxylin  and  eosin,  and  mounted  in  Canada  balsam : 

■       X  300) 

a    lymphoid  tissue  b    lymph-channel 

c    connective-tissue  trabeculae  d    desquamated  endothelium 

e    clear  space  distended  with  liquid 

greyish-white,  tint.  In  other  instances  yellowish-white  foci  of 
liquefaction  and  suppuration  are  visible  (as  in  pyaemia  or  syphi- 
litic chancre).  The  circumglandular  tissue  is  usually  also  in- 
flamed, oedematous,  or  infiltrated  with  purulent  or  fibrino-puru- 
lent  or  haemorrhagic  exudations. 

The  irritant  which  gives  rise  to  lymphadenitis  may  lead  to 
primary  necrosis  or  at  least  to  degeneration  of  the  tissue  of  the 
gland.  Thus  in  septic  suppuration  more  or  less  extensive  necrosis 
occurs  in  the  neighbourhood  of  the  bacterial  colonies.  In  diphthe- 
ria we  find  in  the  germinal  centres  of  the  lymph-follicles  necrotic 
foci  siniilar  to  those  already  figured  and  described  in  the  case  of 
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the  follicles  of  the  spleen  (Fig.  56).  Within  these  areas  the  nu- 
clei of  the  lymphocytes  and  of  the  reticulum  are  disintegrated  or 
deprived  of  their  chromatin,  the  reticulum  itself  is  replaced  by 
peculiar  formations  that  appear  granular  or  homogeneous  accord- 
ing to  the  method  of  preparing  the  tissue  for  examination.  In 
diphtheria,  such  changes  take  place  chiefly  in  the  tonsils  and  fol- 
licular glands  of  the  pharynx,  and  in  the  lymph-glands  correspond- 
ing to  the  area  of  mucous  membrane  inflamed ;  but  they  are  not 
absent  in  other  aggregations  of  lymphadenoid  tissue,  such  as  the 
mesenteric  glands  and  the  agminate  and  solitary  follicles  of  the 


Fig.  64.    Fibrinous  lymphadenitis. 

(Red  and  swollen  cervical  gland  from  a  child  who  suffered  from  laryngitis  and  trachel- 
itis due  to  diphtherial  croup :  preparation  hardened  in  Mailer's  fluid,  stained  with 
haematoxylin  and  eosin,  and  mounted  in  Canada  balsam :  x  200) 

b  c  lymph-channels  with  fibrino-haemor- 

rhagic  exudation 
d    distended  blood-vessel 


lymph-follicle  with  well-marked  ger- 
minal centre 


intestine.  Similar  but  less  pronounced  changes  are  occasionally 
met  with  in  connexion  with  other  varieties  of  acute  Ijrmphadenitis, 
as  for  instance  in  the  mesenteric  glands  after  acute  intestinal  in- 
flammation. In  other  cases  again  conditions  of  fatty  degenera- 
tion are  observed,  partly  in  the  cells  of  the  follicles  and  septa,  and 
partly  in  the  cells  of  the  Ijanph-channels. 

The  exudation  is  at  the  outset  composed  chiefly  of  liquid,  which 
is  poured  into  the  lymph-channels  and  often  flushes  them  out  to 
such  an  extent  (Fig.  63  J)  that  they  become  at  flrst  almost  devoid 
of  cellular  elements.     This  often  leads  to  desquamation  of  the 
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endothelium  of  the  lymph-channels,  which  then  contain  large 
cast-off  cells  (Fig.  63  d),  and  they  may  thus  be  said  to  be  in  a 
condition  of  desquamative  catarrh. 

In  more  intense  inflammation  the  exudation  assumes  a  fibrin- 
ous, fibrino-haemorrhagic,  or  purely  haemorrhagic  character.  The 
admixture  of  a  few  red  blood-corpuscles  with  the  contents  of  the 
lymph-channels  is  very  common  both  in  the  catarrhal  form  and  in 
ordinary  inflammatory  swelling.  The  fibrinous  exudation  appears 
most  frequently  in  the  lymph-channels  (Fig.  64  6  c).  These  may 
be  in  parts  markedly  distended,  and  contain  a  loose  fibrinous 
mesh-work  enclosing  leucocytes  and  red  blood-corpuscles.  In 
diphtheria  the  lymphadenoid  follicles  of  the  tonsils,  the  follicular 
glands  of  the  tongue,  and  the  cervical  lymph-glands,  are  the  chief 
seats  of  the  fibrinous  exudation ;  and  they  are  sometimes,  whether 


we 


tfSV*    • 


&il, 


they  are  necrotic  or  other- 
wise unaffected,  permeated 
by  a  close  mesh-work  of 
fibrinous  filaments  (Fig. 
64  a). 

Fibrinous  exudations  in 
the  glands  occur  mainly  in 
connexion  with  croupous 
inflammations  (such  as 
diphtheria  or  pneumonia) 
of  the  corresponding  mu- 
cous membranes,  and  with 
typhoid  fever  ;  the  necrotic 
foci  which  in  typhoid  are 
formed  in  the  mesenteric 
glands  may  be  thickly  beset 
with  fibrinous  threads.  The 
blood-vessels  in  these  in- 
flammations often  show 
signs  of  hyaline  thickening. 

"When  inflammation  leads  to  suppuration  a  large  number  of 
multinuclear  leucocytes  are  collected  in  the  lymph-glands,  and 
abscesses  are  formed.  These  cause  a  larger  or  smaller  portion 
of  the  gland  to  undergo  liquefaction  and  disintegration,  and  not 
infrequently  extend  to  the  adjacent  parts,  giving  rise  to  purulent 
periadenitis. 

The  process  of  resolution  after  inflammation  consists  chiefly 
in  the  removal  of  the  exudation,  the  fibrin  and  cells  it  contains 
being  disintegrated  and  liquefied  :  the  cells  frequently  show  signs 
of  swelling  and  fatty  degeneration  before  they  disappear.  The 
debris  of  the  exudation,  and  in  particular  of  the  red  blood- 
corpuscles,  is  largely  taken  up  by  the  surviving  proliferous 
cdis 

Signs  of  proliferation  are  soon  visible  both  in  the  free  and  in 


Fig.  65.  FiBBiNOUs  mesh-wobk  in  the  lym- 
phadenoid FOIiLICIiES  OF  THE  TONSIL  IN 
CROUPOUS    PHARYNGITIS  FROM  DIPHTHERIA. 

{Preparation  hardened  in  alcohol,  stained  with 
methyl-violet,  and  partly  decolorised  with 
iodine,  xylol,  and  aniline-oil :  X  150) 

a   follicle  with  fibrinous  mesh-work 

6    interf  oUicular  tissue  containing  lymphoid  cells 


124 


MOKBID   CHANGES  IN  THE  LYMPH-GLANDS      [CHAP.  Xm 


the  fixed  cells,  not  only  within  the  lymph-follicles,  but  also  in 
the  gland-tissue  generally.  It  is  not  known  to  what  extent  this 
process  is  capable  of  replacing  tissue  that  has  perished  by  normal 
lymphadenoid  tissue.  "When  a  gland  encloses  large  necrotic  foci 
or  abscesses,  hyperplastic  inflammation  goes  on  for  a  long  time 
in  the  adjacent  tissue.  This  chronic  indurative  lymphadenitis 
leads  to  the  formation  of  ordinary  granulative  or  cicatricial  tissue, 
which  gradually  fills  the  place  of  the  abscess  or  necrotic  patch,  and 
in  this  way  repair  is  effected,  a  scar  being  formed  in  the  site  ■  of 
the  tissue  that  has  been  lost.  When  the  necrotic  or  suppurating 
parts  are  too  large  to  be  completely  absorbed,  they  are  converted 
into  a  dry  mass  which  undergoes  calcification,  and  the  lymph- 


FiG.  66.    Fibrous  hyperplasia  of  a  lymph-gland. 

(Preparation  hardened  in  alcohol,  stained  with  haematoxylin,  and  mounted  in  Canada 

balsam) 


a    thickened  capsule 


h    fibrous  bands  pervading  the  gland 
isolated  remnants  of  gland-tissue 


glands  then  enclose  calcareous  foci  surrounded  by  connective 
tissue,  or  are  entirely  converted  into  aggregations  of  calcareous 
nodules. 

Chronic  inflammations  of  the  lymph-glands,  other  than  those 
due  to  the  presence  of  suppurating  or  necrotic  foci  or  to  specific 
causes  such  as  tuberculosis  and  syphilis,  are  most  frequently 
induced  by  long-continued  inhalation  of  dust  (Art.  34,  Fig.  62). 
Chronic  inflammation  in  the  tissues  from  which  the  lymph-glands 
derive  their  lymph,  such  as  the  skin  or  intestine,  may  however 
give  rise  to  persistent  irritation  in  the  glands  and  induce  chronic 
hyperplasia  of  their  structure.  In  such  cases  the  glands  are  usually 
but  little  altered,  if  at  all ;  the  only  perceptible  change  consisting 
in  the  excessive  number  of  cells  they  contain  (so-called  hyper- 


ART.   36]  TUBERCULOSIS  125 

trophy).  It  may  however  happen,  as  in  the  case  of  glandular 
hyperplasia  from  the  irritation  of  dust,  that  the  connective-tissue 
elements  undergo  proliferation,  and  this  leads  to  fibroid  induration 
of  the  substance  of  the  gland  (Fig.  66  a  6). 
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36.  Tuberculous  lymphadenitis,  often  called  scrofulous  lym- 
phadenitis, is  usually  caused  by  the  invasion  of  tubercle-bacilli  car- 
ried by  the  lymph,  more  rarely  by  infection  from  the  blood.  When 
the  disease  is  lymphogenous  the  organs  from  which  the  infected 
lymph  comes  are  as  a  rule  tuberculous.  The  point  of  entry  of 
the  bacilli  may  however  remain  free  from  tuberculosis,  so  that 
the  lymph-glands  (bronchial  or  cervical)  exhibit  the  first  local 
manifestation  of  the  disease. 

The  tubercles  usually  form  first  in  the  lymphoid  follicles  and 
septa,  and  their  eruption  is  indicated  by  the  appearance  of  uninu- 
clear or  binuclear  epithelioid  cells  (Fig.  67  a),  and  later  on  of 
giant-cells  (c),  some  containing  bacilli.  They  lie  close  to  each 
other,  compressing  the  original  lymphoid  cells,  and  finally  take 
the  form  of  the  familiar  large-celled  tuberculous  nodule  (Fig. 
67  a). 

The  eruption  of  tubercles  may  be  accompanied  by  signs  of  more 
or  less  intense  inflammation,  as  a  consequence  of  which  the  lymph- 
glands  appear  swollen  and  reddened.  The  number  of  leucocytes 
in  the  tissue  is  increased,  owing  in  part  to  the  migration  of  white 
corpuscles  from  the  blood-vessels,  and  probably  also  to  an  increased 
production  of  lymphoid  cells.  When  mature  (a)  and  caseous  (flj) 
tubercles  are  present,  the  cut  surface  shows  the  characteristic  light- 
grey  and  whitish  nodules. 

In  the  later  stages  of  the  process  the  swollen  lymph-glands, 
from  the  continued  production  of  caseating  tubercles,  appear  beset 
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with  large  yellowish-white  caseous  patches,  which  tend  to  become 
confluent.  After  a  time  the  entire  lymph-gland,  or  at  least  a  large 
portion  of  it,  may  be  converted  into  a  cheesy  mass,  which  later 
on  becomes  softened  or  calcified. 

The  signs  of  inflammation  and  the  accumulation  of  leucocytes 
in  the  glandular  parenchyma  are  often  inconsiderable.  The  pro- 
cess then  consists  essentially  in  the  progressive  new-formation  of 
epithelioid  cells,  which  form  small  nodular  masses.  These  become 
confluent  (Fig.  68  h  c),  and  the  lymphadenoid  tissue  (a)  is  accord- 
ingly more  and  more  encroached  on  and  reduced  to  isolated  strands, 


Fig.  67.    Recent  tuberculosis  op  a  lymph-gland. 

{Preparation  hardened  in  Mailer's  fluid,  stained  with  haematoxylin,  agitated  in  a  test- 
tube,  and  mounted  in  Canada  balsam :  x  150) 
fresh  tubercle  Cj  giant-cell  at  the  border  of  a  caseous 

nodule 
d    large-celled  lymphadenoid  tissue  out- 
side the  tubercles 
e    lymphoid  cells 


a 

Oi  caseous  tubercle 

h    lymphadenoid  tissue 

e    giant-cell  in  the  centre  of  a  tubercle 


while  the  remainder  of  the  structure  is  made  up  of  large  rounded 
(6)  and  stellate  or  spindle-shaped  (e)  cells,  that  form  a  striking 
contrast  to  the  lymphoid  cells.  Caseous  necrosis  seems  not  to 
supervene  for  a  long  while,  though  after  a  time  the  large-celled 
tissue  is  here  and  there  converted  into  a  mass  of  homogeneous 
hyaline  material  or  of  lustrous  blocks  and  flakes  devoid  of  nuclei. 
The  hyperplastic  process  just  described,  which  leads  to  what 
is  anatomically  a  large-celled  hyperplasia  of  the  lymphoid  tissue, 
is  always  associated  with  an  increase  in  the  size  of  the  gland, 
which  may  become  as  large  as  a  pigeon's  egg  or  even  a  hen's  egg, 
and  is  dense  and  firm  in  texture.     The  section  appears  either  uni- 
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formly  grey  and  translucent,  or  seems  to  be  made  up  of  small 
greyish  granules.  When  exposed  to  the  air  for  a  time,  the  cut 
surface  acquires  a  brownish  colour.  When  caseation  has  occurred, 
the  tissue  contains  uniform  yellowish  patches  resembling  the 
surface  of  a  cut  potato. 

This-  large-celled  hyperplasia,  with  tardy  and  inconsiderable 
caseation,  is  one  of  the  less  dangerous  forms  of  tuberculous  lym- 
phadenitis, for  it  appears  to  remain  for  a  long  time  limited  to  the 
affected  gland.  It  is  chiefly  met  with  in  the  cervical  glands,  but 
is  not  uncommon  in  those  at  the  root  of  the  lung,  where  it  is  gen- 
erally combined  with  pigmentary  induration  due  to  the  inhalation 
of  carbonaceous  dust. 

In  many  cases,  especially  in  children,  the  multiplication  of 
tubercle-bacilli  within  the  lymph-gland,  and  the  cellular  prolif era- 


FiG.  68.    Large-celled  hypekplasia  op  a  tuberculous  lymph-gland. 
(Preparation  hardened  in  MUller's  fluid,  stained  with  alum-carmine,  and  mounted  in 

Canada  balsam :  x  150) 
a    remnants  of  lymphadenoid  tissue       6    large-celled  tissue        c   spindle-celled  tissue 

tion  and  inflammation  thereby  induced,  are  quickly  followed  by 
caseation,  so  that  the  glands  have  hardly  begun  to  swell  before 
they  show  cheesy  enclosures.  By  the  time  they  have  reached  any 
considerable  size  they  are  already  converted  into  soft  or  even 
diffluent  caseous  masses  encapsuled  only  by  a  thin  layer  of  indu- 
rated non-caseous  tissue.  By  continued  caseation  and  softening, 
the  process  may  extend  to  the  neighbouring  parts,  and  so  lead 
either  to  an  induration  or  to  a  caseous  and  purulent  periadenitis. 
Caseation  of  a  subcutaneous  gland  may  result  in  its  rupture 
through  the  skin.  In  deeply-seated  glands  rupture  not  infre- 
quently occurs  into  neighbouring  cavities  and  channels,  such  as 
the  pericardial  sac,  the  veins,  the  bronchi,  the  oesophagus,  or  the 
intestine.  Whether  these  processes  are  in  all  cases  due  solely  to 
the  action  of  the  tubercle-bacilli,  or  whether  the  microbes  act  in 
cooperation  with  other  irritants,  is  not  yet  definitely  determined. 
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37.  Syphilitic  infection  of  the  lymph-glands  takes  place 
mainly  from  specific  contamination  of  the  lymph  brought  to  them; 
it  is  rarely  conveyed  to  them  by  the  blood.  The  syphilitic  initial 
sclerosis  is  followed  by  a  scarcely  perceptible  swelling  of  the 
nearest  glands,  which  is  referred  to  as  indolent  or  hard  bubo.  In 
the  further  course  of  the  disease  glandular  affections  may  arise  in 
connexion  with  any  of  the  various  inflammatory  manifestations  of 
secondary  syphilis,  and  sometimes  assume  a  gummatous  character. 

The  infected  lymph-glands  are  more  or  less  swollen,  and  may 
reach  the  size  of  a  walnut.  As  a  rule  the  swelling  is  due  essentially 
to  an  accumulation  of  leucocytes,  though  it  sometimes  depends  on 
large-celled  hyperplasia.  After  a  certain  time,  which  usually  ex- 
tends considerably  beyond  the  duration  of  the  primary  affection, 
it  may  be  months  or  even  years  afterward,  the  enlarged  lymph- 
glands  generally  diminish  in  size  and  recover,  owing  to  diminution 
of  the  number  of  round-cells  contained  within  their  tissue.  It  may, 
however,  happen  that  the  process  results  in  fibrous  induration  or  in 
gummatous  caseation  of  the  diseased  gland. 

In  leprosy  the  infected  glands  contain  numbers  of  large  cells 
enclosing  multitudes  of  lepra-bacilli,  and  bacilli  lying  free  in  the 
gland-tissue. 
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Lancereaux  I   Traile  de  la  syphilis  Paris  1873 

Lang  :  Pathol,  und  Therap.  d.  Syphilis  Wiesbaden  1885 

LusTGARTEN ;    Subcutaneous  glandular  affections  in  late  syphilis  Wien.  med 

Presse  1890 
Vajda:    Viertelj.f.  Derm.  u.  Syphilis  ii  1875 
ViRCiiow :  Krankhafte  GeschwiUste  ii 
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38.  Under  the  head  of  progressive  lymphadenoid  hyper- 
plasia, or  lymphadenia,  may  be  comprehended  a  peculiar  group 
of  affections,  whose  aetiology  is  still  altogether  obscure,  their 
common  character  consisting  in  a  progressive  increase  of  the  lym- 
phadenoid tissues.  On  the  one  hand  individual  lymph-glands 
become  notably  augmented  in  bulk,  forming  tumours  varying  in 
size  from  that  of  a  large  bean  or  walnut  to  that  of  a  hen's  egg, 
while  on  the  other  hand  fresh  glands  are  continually  becoming 
affected  by  the  hyperplastic  process.  The  process  may  commence 
in  the  lymph-glands  proper,  such  as  those  of  the  axilla,  or  in  the 
lympadenoid  tissue  of  the  spleen  (Art.  30)  or  of  the  mucous 
membranes,  such  as  that  in  the  tonsils  and  intestinal  follicles,  and 
thence  extend  continuously  over  an  ever- widening  area,  in  certain 
cases  indeed  over  the  whole  of  the  lymphadenoid  tissues.  Analo- 
gous changes  often  appear  in  the  bone-marrow,  and  lymphadenoid 
growths  may  be  found  in  places  which  normally  contain  no  such 
tissue.  The  similarity  of  the  disease,  in  its  course  and  progress, 
to  some  of  the  infections,  for  example  to  certain  forms  of  tubercu- 
lous lymphadenitis,  makes  it  in  some  measure  probable  that  lym- 
phadenia is  also  infective  in  its  nature,  though  at  the  present  time 
there  is  no  proof  whatever  that  this  is  the  case. 

On  macroscopic  examination  the  enlarged  lymph-glands  exhibit 
in  section  a  whitish  or  greyish-white,  less  commonly  a  greyish-red 
surface,  and  in  rare  cases  contain  also  a  few  necrotic  foci.  Ac- 
cording to  their  degree  of  consistence  we  may  distinguish  them 
into  soft  and  hard  forms.  Intermediate  forms  are,  however,  met 
with,  and  in  a  given  case  the  several  affected  glands  may  possess 
different  degrees  of  hardness. 

Under  the  microscope  the  normal  structure  of  the  gland  is  in 
some  cases  still  recognisable,  the  follicles,  septa,  and  sinuses  being 
clearly  differentiated ;  in  such  examples  the  increase  in  size  is 
essentially  due  to  the  overgrowth  of  the  lymphoid  follicles.  The 
condition  is  therefore  fitly  described  as  a  glandular  hypertrophy  or 
lymphadenoma.  In  other  cases  the  structure  so  far  deviates 
from  the  normal  that  recognition  of  the  several  components  is  no 
longer  possible,  the  entire  tumour  being  made  up  of  lymphadenoid 
tissue  of  perfectly  uniform  texture,  whose  reticulum  encloses  an 
extraordinarily  large  number  of  free  cells.  The  tissue  of  the 
trabeculae  and  capsule,  and  sometimes  also  that  immediately 
surrounding  the  capsule,  is  closely  studded  with  rounded  cells. 
Lastly,  the  reticular  framework  may  also  undergo  a  hypertrophic 
modification,  becoming  stouter  and  coarser,  and  in  part  even  con- 
verted into  stringy  fibrous  tissue,  which  is  far  removed  in  texture 
from  the  typical  adenoid  reticulum. 

Its  marked  deviation  in  structure  from  the  normal  type  of  the 
gland  has  caused  this  form  of  overgrowth  to  be  classed  with  the 
sarcomata,  under  the  head  of  lymphosarcoma.  Lymphosarco- 
mata  are  described  as  soft  or  hard  according  to  the  extent  to 
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which  the  connective-tissue  element  is  developed,  and  the  corre- 
sponding degree  of  consistence  of  the  tissue. 

The  characters  of  a  particular  glandular  tumour  may  be.  so 
well  marked  that  it  is  easy  to  determine  whether  it  should  be 
classed  as  a  lymphadenoma  or  as  a  lymphosarcoma.  Cases  occur, 
however,  in  which  the  features  of  the  two  varieties  are  combined, 
so  that  along  with  heteroplastic  tissue  resembling  that  of  a  lympho- 
sarcoma there  are  in  the  same  gland  definite  and  typical  lymphoid 
follicles  and  septa.  As  a  consequence,  writers  often  make  no  dis- 
tinction between  lymphadenoma  and  lymphosarcoma,  but  have 
used  the  terms  indifferently  for  both  classes  of  growths. 

By  many  the  difficulty  is  evaded  by  describing  all  the  pro- 
gressive lymphadenoid  growths  as  malignant  lymphoma. 

Progressive  lymphadenia  is  a  disease  which  may  last  for  a 
few  weeks  (as  in  acute  leukaemia),  or  for  several  years,  before  it 
ends  in  death.  In  some  of  the  cases,  associated  with  soft  forms 
of  lymphadenoma  and  of  lymphosarcoma,  the  blood  contains  an 
increased  number  of  colourless  corpuscles.  The  affection,  thus 
allied  with  leukaemia,  is  then  called  leukaemic  adenia,  and  the 
glandular  tumour  is  described  as  leukaemic  lymphadenoma 
or  lymphosarcoma.  In  other  cases  this  symptom  is  absent, 
and  the  disease  is  associated  only  with  marasmus  and  general 
anaemia,  or  the  blood  may  exhibit  no  demonstrable  change.  These 
cases  are  met  with  chiefly  in  connexion  with  hard  lymphosarcoma, 
though  in  some  of  them  the  soft  variety  is  alone  present.  The 
affection  is  variously  referred  to  as  Hodgkin's  disease,  simple 
adenia  (Trousseau),  lymphosarcoma  (Virchow),  malignant 
lymphoma  (Billroth)  in  the  stricter  sense,  or  pseudo-leukaemia 
(Cohnheim). 

We  do  not  yet  know  why  the  progressive  hyperplasia  of  the 
lymph-glands  is  sometimes  associated  with  leukaemia  and  some- 
times not.  The  cells  contained  in  the  reticular  framework  are 
either  exactly  like  normal  lymphocytes,  especially  in  lymphade- 
noma, or  some  of  them  are  distinctly  larger,  as  in  lymphosar- 
coma ;  but  there  are  no  invariable  and  characteristic  differences 
between  the  glandular  tumours  that  are  accompanied  by  leukaemia 
and  those  that  run  their  course  without  this  symptom.  In  some 
instances,  particularly  in  lymphosarcoma,  along  with  uninuclear 
and  binuclear  cells,  a  few  multinuclear  giant-cells  are  observed. 
According  to  Goldmann,  the  tumours  may  also  contain  eosino- 
phile  cells  in  somewhat  large  numbers.  Proliferous  changes,  in- 
dicated by  karyokinesis  in  the  nuclei,  can  be  detected  both  in  the 
free  cells  and  in  the  cells  of  the  reticulum. 
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References  on  Lymphadenia. 

Arnold:  Cell-division  in  acute  lymphadenoid  hyperplasia  V.  A.9^  1884 

Bergmann  :  Gerhardt's  Handb.  d.  Kinderkranhheiten 

Brentano  and  Tangl  :  Aetiology  of  pseudo-leukaemia  D.  med.  Woch.  1891 

Brigidi  and  Piccon :  Simple  adenia  and  hyperplasia  of  the  thymus  Ziegler's 
Beitrdge  xvi  1894 

CoHNHEiM  :  Pseudo-leukaemia  V.A.  33  1865 ;  Allgem.  Pathologie  1 1882 

CoMBENALE  :  Case  of  adenia  Rev.  de  med.  xii 

Cordua:  Tuberculous  adenitis  and  lymphoma  Arbeiten  path.  Inst.  Gottineen 
1893 

Demange  :  Lymphadenia  These  Paris  1874 

Dreschfeld  :  Lymphosarcoma  D.  med.  Woch.  1891 

Eberth  :  Adenia  F.  ^.  49  1870 

Flemming:  Regeneration  of  the  tissues  A.f.  mikrosk.  Anat.  xxiv  1884 

Goldmann:  Malignant  lymphosarcoma  Cent.  f.  allg.Path.  m  1892 
HoDGKiN :  Morbid  appearances  of  the  absorbent  glands  and  spleen  Med.-chir. 

Trans,  xvii  London  1832 
Hubert  :  Les  neoplasmes  des  ganglions  lymphatiques  Paris  1878 
Kelsch  and  Vaillard  :  Lymphadenoid  tumours  with  leukaemia  Ann.  Inst. 

Pasteur  iv 
KuNDRAT  :  Lymphosarcomatosis  Wien.  klin.  Woch.  1893 
Langhans:  Malignant  lymphosarcoma  (pseudo-leukaemia)  V.A.  54  1872 
Paulsen  :  Multiplication  of  cells  in  hyperplastic  lymph-glands  and  tonsils^./ 

mikrosk.  Anat.  xxiv  1884 
ViRCHOW :  Krankhafte  Geschwillste  ii 

Wagner,  Harting,  and  Hesse  :  Eulenburg's  Vierteljahrsschr.  xxx,  xxxi 
Weishaupt:   Relation  of  pseudo-leukaemia  to  tubercle  Arbeiten  path.  Inst,  i 

Tubingen  1891 
Westphal:  Pseudo-leukaemia  D.  A.f.  klin.  Med.  li  1893  (with  references) 
Winiwarter  :  Lymphadenoma  Langenbeck's  Arch,  xviii  1875 
WuNDERLiCH  :  Pseudo-leukaemia  A.  d.  Heilk.  vii  1866 
Zehnder  :  Regeneration  of  the  lymph-glands  V.  A.  120  1890 

39.  Sarcoma  is  the  only  primary  tumour  met  with  in  the 
lymph-glands.  It  generally  occurs  in  single  glands,  or  several  of 
the  same  group  are  simultaneously  affected  and  cohere  into  a 
nodular  tumour.  It  often  overpasses  the  limits  of  the  gland  and 
invades  the  adjoining  tissues,  forming  adhesions  with  the  skin  if 
the  gland  is  subcutaneous.  Secondary  growths  are  usually  devel- 
oped in  various  organs  ;  but,  in  contrast  with  lymphadenoma,  the 
nearest  lymph-glands  generally  escape.  Soft  small-round-celled 
sarcoma,  spindle-celled  sarcoma,  fibro-sarcoma,  and  alveolar  sar- 
coma (Fig.  69)  or  alveolar  angiosarcoma,  are  all  forms  that  occur. 
The  two  latter  have  a  somewhat  carcinoma-like  structure,  the 
epithelioid  cells  (b  o)  being  grouped  in  clusters  and  nests  within 
an  alveolar  stroma  (a). 

It  appears  that  the  neoplasm  may  start  in  various  parts  of  the 
gland-tissue.  According  to  Putiata,  alveolar  sarcoma  begins  in 
the  tissue  around  the  vessels.  In  other  instances,  especially  in 
spindle-celled  sarcoma,  the  connective-tissue  framework  is  the 
primary  seat  of  the  neoplastic  proliferation  (Winiwaetek). 
Some  authors,  like  Putiata,  maintain  that  the  lymphoid  elements 
may  be  transformed  into  tumour-cells. 
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Fig.  69.    Alveolar  sakcoma  of  a  lymph-gland. 

(Preparation  hardened  in  Mailer's  fluid,  stained  with  alum^carmine,  and  mounted  in 
Canada  balsam :  X  100) 
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FiQ.  70.    Carcinoma  developing  in  an  enlarged  axillary  lymph-gland. 

(Preparation  hardened  in  alcohol,  stained  with  haematoxylin,  and  mounted  in  Canada 

balsam :  x  60) 

a    germinal  centre  of  a  lymphoid  follicle     6    lymph-sinus     c    artery     d    cancer-nests 


AKT.  39]  TUMOtJES  133 

Carcinoma  is  the  most  common  among  the  secondary  or  me- 
tastatic growths.  It  leads  to  the  conversion  of  the  lymph- 
glands  into  tumours  of  various  sizes,  whose  general  structure 
accurately  reproduces  the  characters  of  the  primary  growth. 

The  development  of  the  cancer  takes  place  within  the  lymph- 
sinuses,  and  there,  by  multiplication  of  the  tumour-cells  brought 
to  them  by  the  lymph,  clusters  and  strings  of  large  cancer-cells 
(Fig.  70  d}  are  formed,  which  compress  and  encroach  upon  the 
lymphocytes.  A  fibrous  stroma  is  formed  from  the  lymphadenoid 
tissue,  which  encloses  in  its  meshes  the  growing  cancer-nests. 

Sarcomatous  metastases,  like  the  carcinomatous,  may  de- 
velope  from  sarcoma-cells  which  have  gained  access  to  the  gland 
by  way  of  the  lymphatics. 

References  on  Tumours  of  the  Lymph-glands 

Affanasiew  :  Cancer-growth  Cent.  f.  med.  Wiss.  1876 

Billroth  :   Pathol.  Histologie  Berlin  1858;   Morbid  histology  of  the  lymph- 
glands  V.A.21  1861 
BozzoLO  :  Dissemination  of  cancer  in  the  glands  Cent.f.  med.  Wiss.  1876 
GussENBAUKR :  Secondary  growths  in  the  glands  Prag.  Z.  f.  Heilk.  ii  1881 
Keresztszhbgy  :  Retroperitoneal  sarcoma  Ziegler's  Beiirdge  xii  1892 
Neelsen  :  Endothelial  cancer  D.  A.f.  klin.  Med.  xxxi  1882 
PuTiATA :  Sarcoma  of  lymph-glands  V.  A.  6Q  1877 
Winiwarter  :  Lymphadenoma  Langenbeck's  Arch,  xviii  1875 
Zahn:  Alveolar  epithelioid  sarcoma  A.  d.  Heilk.  1874 
Zehndee  :  Cancer-growth  in  lymph-glands  V.  A.  119  1890 
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CHAPTER  XIV 
THE  BONE-MARROW 

40.  The  bone-marrow  in  children  is  a  soft  tissue  of  a  bright 
red  colour,  which  is  particularly  rich  in  cells  and  blood-vessels, 
and  is  accordingly  referred  to  as  red  or  lymphoid  marrovr. 

The  supporting  framework  of  this  tissue  is  composed  of  deli- 
cate reticular  connective  tissue.  The  abundant  capillaries  and 
veins  are  wide  and  thin-walled. 

The  majority  of  the  cells  enclosed  in  the  retictdum  are  spheri- 
cal, and  possess  either  a  clear  vesicular  nucleus  with  highly 
refractive  nucleoli  and  nucleolar  filaments,  or  an  apparently  ho- 
mogeneous nucleus  which  is  ill-defined,  and  in  fresh  sections  is 
seen  only  with  difficulty.  These  cells  vary  in  size,  those  with 
a  vesicular  nucleus  being  generally  larger  than  those  with  a 
homogeneous  nucleus;  the  former  have,  moreover,  a  more  gran- 
ular protoplasm.  The  homogeneous  nuclei  take  nuclear  stains 
more  deeply  than  the  vesicular  nuclei. 

While  these  cells  constitute  the  majority,  the  lymphoid  mar- 
row always  contains  a  number  of  leucocytes  with  eosinophile 
granules,  flattened  cells  containing  no  fat,  globular  cells  contain- 
ing fat,  nucleated  and  non-nucleated  red  blood-corpuscles,  cells 
enclosing  red  blood-corpuscles  and  pigment,  and  uninuclear  and 
multinuclear  giant-cells. 

According  to  the  researches  of  Neumann,  Bizzozeko,  Cohn- 

HEIM,   TiZZONI,    RiNDFLBISCH,    HAYEM,    GrOHB,    DeNYS,    H.     E. 

ZiEGLER,  and  others,  the  bone-marrow  takes  part  in  the  process 
of  blood-formation,  and  the  nucleated  red  corpuscles  found  in 
it  are  regarded  as  representing  a  preliminary  stage  in  the  devel- 
opment of  these  corpuscles.  The  presence  in  the  bone-marrow 
of  cells  containing  blood-corpuscles  and  pigment  tends  to  prove 
that  the  red  blood-corpuscles  are  likewise  destroyed  in  that  tissue. 
The  marrow  is  richest  in  cells  in  early  life;  later  on,  and 
especially  in  the  long  bones,  the  number  of  cells  decreases,  and 
by  the  imbibition  of  fat  the  greater  portion  of  the  cells  of  the 
reticulum  are  at  the  same  time  transformed  into  fat-cells.  After 
the  fourteenth  to  the  sixteenth  year,  the  marrow  of  the  long  bones 
usually  consists  mainly  of  fatty  tissue;  this  when  it  contains  only  a 
small  amount  of  blood  is  of  a  yellow  colour,  with  a  larger  amount 
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of  blood  it  is  yellowish-red,  and  its  cut  surface  has  an  oily  lustre. 
This  is  called  yellovr  marrovr,  in  contradistinction  to  the  red 
or  lymphoid  form.  It  should  however  be  remarked  that  between 
the  two  forms  there  are  many  intermediate  stages.  In  the  flat 
bones  and  in  the  short  cancellous  bones  the  marrow  remains  per- 
manently red,  and  either  retains  the  essential  characters  of  lym- 
phoid marrow,  or  by  the  imbibition  of  fat  changes  to  a  transitional 
form  between  this  and  yellow  marrow. 

In  advanced  age  the  number  of  free  cells  contained  in  the 
bones  sometimes  decreases  still  more  markedly,  while  at  the  same 
time  the  fat  tends  to  disappear.  The  resulting  free  space  is  filled 
by  a  clear  liquid  containing  mucin;  the  marrow  thus  acquires  a 
translucent  gelatinous  appearance,  and  is  hence  termed  gelatinous 
marrovr. 

References  on  Bone-marrow  (see  also  Arts.  1  and  41). 

Arnold  :  Karyokinesis  in  marrow-cells  F.  ^.  93  1883  and  97  1884 

Bayekl  :  Production  of  red  corpuscles  in  epiphysial  cartilage  A.  f.  mikrosk. 

Anat.  XXIII 1884 
BizzozEKO:  Sul  midollo  degli  ossa  Naples  1869  reviewed  in  V.  A.  52  1871; 

Atrophy  of  fat-cells  in  the  bone-marrow  A./,  mikrosk.  Anat.  xxxiii  1889 
Flbmming  :  Zellsubstanz  Kern  u.  Zelltheilung  Leipzig  1882 
Gegenbaur  :  Jena.  Z.  f.  Med.  u.  Naturwiss.  i-iii 
KoLLiKER :   Gewebelehre  d.  Menschen  i  Leipzig  1889 
MoRAT :  La  moelle  des  os  Paris  1873 
Neumann  :  The  bone-marrow  in  blood-formation   Cent.  f.  med.  Wiss.  1868 : 

•  Berl.  klin.  Woch.  1877,  1878,  1880  and  Z.f.  klin.  Med.  iii  1881 
TizzoNi  and  Fileti  :  Aili  dei  Lincei  ser.  3  xi  1881 
Werner  :  Cell-division  in  the  giant-cells  of  the  marrow  V.  A .  106  1886 

41.  The  modes  in  which  the  bone-marrow  is  affected  by  gen- 
eral diseases  and  the  primary  changes  other  than  inflammatory 
that  take  place  in  it  may  be  classified  under  three  heads.  In  the 
first  place,  as  the  result  of  various  diseases  conditions  of  atrophy 
and  degeneration  are  induced,  which  are  characterised  chiefly  by 
diminution  of  the  fat  and  decrease  in  the  number  of  cells,  in  a 
measure  also  by  degenerative  changes  in  the  tissue-elements.  For 
example,  in  senile  decay,  in  chronic  pulmonary  emphysema,  in 
phthisis,  in  chronic  diseases  of  the  kidney,  and  in  starvation 
(Neumann),  the  adipose  tissue  of  the  marrow  disappears  more 
or  less  completely.  If  no  increase  takes  place  in  the  number  of 
cells,  and  if  the  vacant  spaces  are  filled  by  a  liquid  containing 
mucin,  the  marrow  assumes  a  gelatinous  translucency  and  changes 
into  the  gelatinous  variety  already  mentioned. 

Many  infective  diseases  (such  as  typhoid  fever,  relapsing 
fever,  typhus  fever,  etc.)  are  attended  by  fatty  degeneration 
of  the  cells  and  capillaries  of  the  marrow.  In  relapsing  fever 
(Ponfick)  and  in  variola  (Chiaei)  necrotic  foci  may  be  formed. 
These  and  other  infections  of  the  blood  often  lead  to  inflammation 
of  the  bone-marrow. 
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Hypertrophy  of  the  fatty  tissue  of  the  marrow  occurs  as  a 
concomitant  of  general  atrophy  of  the  entire  skeleton  (Art.  43) 
and  of  the  articular  cartilages,  and  is  at  times  so  excessive  that 
the  bone,  composed  almost  entirely  of  fat,  has  a  lower  specific 
gravity  than  water. 

In  very  many  cases,  concurrently  with  the  decrease  in  fat,  we 
find  an  increase  in  the  number  of  the  marrow-cells,  so  that  the 
tissue  assumes  more  and  more  the  characters  of  red  or  lymphoid 
marrow.  This  is  observed  especially  in  oligaemia,  leukaemia, 
chronic  pulmonary  tuberculosis,  chronic  suppurative  ostitis,  and 
cancerous  cachexia;  but  it  is  not  a  constant  phenomenon  in  these 
conditions.  For  example,  Geohe  found  in  157  patients  who  had 
died  of  phthisis  119  cases  with  red  marrow.  Red  marrow  is  also 
met  with,  especially  when  death  has  occurred  in  the  later  stages 
of  the  disease,  in  typhoid  fever  (Geohe),  in  croupous  pneumonia, 
and  in  septic  affections  (Golgi,  Litten),  in  acute  endocarditis 
(Ponfick),  in  small-pox  (Golgi),  etc. 

The  tint  of  lymphoid  marrow  varies  from  greyish-red  to  dark- 
red  according  to  the  amount  of  blood  it  contains.  In  severe  cases 
of  pernicious  anaemia  the  whole  of  the  marrow  of  the  long  bones 
may  be  dark-red  in  colour,  resembling  raspberry  jelly.  The 
coloration  usually  begins  at  the  epiphyses  and  extends  thence 
towards  the  middle  of  the  bone.  In  leukaemia  the  marrow  is 
often  mottled  with  tints  varying  from  flesh-pink  to  greyish-red, 
greyish,  or  greyish-yellow,  and  sometimes  parts  are  yellow  or 
greenish-yellow  and  look  like  pus. 

In  the  red  marrow  the  colourless  marrow-cells  are  always 
abundant;  and  the  nucleated  and  .non-nucleated  red  blood-corpus- 
cles are  in  general  increased  in  number.  Numerous  cells  contain- 
ing blood-corpuscles  and  pigment  are  often  found  in  the  tissue, 
especially  in  cases  of  pernicious  anaemia,  typhoid  fever,  typhus 
fever,  relapsing  fever,  and  intermittent  fever.  '  Charcot-Neu- 
mann  crystals '  (in  the  form  of  small  colourless  octahedra)  are  also 
frequently  present;  they  are  thought  by  some  authorities  to  be  a 
substance  containing  mucin  (Salkowsky),  by  others  (Schkei- 
nek)  to  be  a  phosphatic  product  of  the  decomposition  of  albumen. 
The  increase  in  the  number  of  colourless  and  of  coloured  cells 
in  the  bone-marrow  is  generally  explained  by  the  assumption  that, 
in  the  above-named  diseases,  the  cells  of  the  bone-marrow  itself 
undergo  proliferous  multiplication.  If  the  anaemia  and  cachexia 
result  from  repeated  haemorrhages  or  from  organic  disease,  this 
increase  may  be  regarded  as  a  regenerative  process. 

According  to  Neumann,  Bizzozeeo,  Hoyee,  and  others,  how- 
ever, there  is  a  form  of  leukaemia  in  which  the  marrow-changes 
are  primary,  and  are  therefore  the  originating  cause  of  the  altera- 
tion in  the  blood.  This  form  is  accordingly  termed  medullary 
or  myelogenous  leukaemia  (Art.  2). 

The  increase  in  the  number  of  nucleated  red  corpuscles   is 
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generally  interpreted  as  indicating  an  increase  in  the  haemato- 
genic  activity  of  the  marrow.  It  is  not  improbable,  however, 
that  it  is  dependent  upon  some  retardation  of  the  normal  trans- 
formation of  the  young  blood-corpuscles  into  the  mature  form. 

Increased  destruction  of  the  red  blood-corpuscles,  or  the  pres- 
ence of  minute  foreign  bodies  circulating  in  the  blood,  leads  to 
deposition  of  corpuscular  detritus  and  other  foreign  matters  in  the 
marrow.  The  deposition  of  insoluble  ferrated  compounds,  derived 
from  the  disintegration  of  haemoglobin,  is  the  commonest  ex- 
ample, and  may  be  described  as  siderosis  of  the  bone-marrow. 
This  condition  may  also  result  from  jaundice,  and  may  be  experi- 
mentally produced  by  abnormally  increasing  the  amount  of  iron 
ingested.  The  ferrated  particles  lie  for  the  most  part  within  the 
marrow-cells  and  the  blood-corpuscles. 

Grave  disorders  of  the  local  circulation,  especially  such  as 
impede  the  outiiow  of  blood  from  the  bone,  and  traumatic  inju- 
ries, often  give  rise  to  haemorrhage  from  the  delicate  capillaries 
of  the  marrow.  Some  of  the  extravasated  blood  may  be  absorbed 
unchanged,  but  the  greater  part  is  disintegrated,  and  numbers  of 
granule-carrying  cells  containing  pigment  make  their  appearance 
during  the  absorption  of  the  products  of  disintegration. 

References  on  Changes  in  the  Bone-marrow  accompanying  various 
Diseases  (see  also  Art.  43). 

Aknstbin  :  Intermittent  fever  V.A.  61  1874 

Blechmanst :  Pathology  of  the  bone-marrow  A.  d.  Heilk.  xix  1878 

Chiari  :  Osteomyelitis  in  small-pox  Ziegler's  Beitrage  xm  1893 

CoHNHEiM  ;  The  marrow  in  pernicious  anaemia  V.  A.  68  1876 

Eisenlohr:  Pernicious  anaemia  and  cancer  D.  A.f.  klin.  Med.  xx  1877 

DE  Finppi :  Researches  on  '  f erratin '  Ziegler's  Beitrage  xvi  1894 

Geelmuyden  :  The  bone-marrow  in  disease  V.  A .  105  1886  (with  references) 

GoLGi :  Small-pox  Revista  clin.  di  Bologna  1873 

Grohe  :  The  marrow  in  various  diseases  Berl.  klin.  Woch.  1881,  1884 

Heuck :  Leukaemia  V.  A.  78  1879 

LiTTKN  •  Corpuscle-carrying  cells  in  the  marrow  Cent.  f.  med.  Wiss.  1881 

LiTTEN  and  Orth  :  The  bone-marrow  in  various  diseases  Berl.  klin.  Woch.  1877 

MuiK  :  The  bone-marrow  in  pernicious  anaemia  Journ.  of  Path,  ii  1894 

NoTHNAGEL  :  Lymphadenia  ossium  (a  peculiar  pernicious  disease  of  the  bones) 

Virchow's  Festschrift  (internationale)  ii  Berlin  1891 
Ponfick:  Sympathetic  affections  of  the  marrow  in  internal  diseases  V.A.  56, 

60  1874;  Leukaemia  V.A.  67  1876 
RiESS  :  Corpuscle-carrying  cells  Cent.  f.  med.  Wiss.  1881 
Robin  :  A .  d'anat.  et  de  physiol.  1874 
Salvioli  :  Rivista  clin.  di  Bologna  1878 
Stocker:  Marrow-changes  in  certain  febrile  affections  A.  f.  wiss.  Thierheilk. 

XIII 1887 
Waldstein;  Progressive  anaemia  with  leucocythaemia  V.  A.91 1883 
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CHAPTER  XV 


ATROPHIC   AFFECTIONS  OF  BONE 

42.  The  osseous  tissue  of  the  skeleton  developed  during  foetal 
life  and  soon  after  birth  is  for  the  most  part  a  temporary  structure 
of  limited  duration.  The  immature  bones  of  the  new-born  child 
are  re-absorbed  and  disappear  in  the  course  of  years,  and  are 
replaced  by  others  whose  texture  and  composition  are  of  a  dif- 
ferent kind. 

The  researches  of  morbid  anatomists  have  shown  that  the 
dissolution  and  re-absorption  of  mature  osseous  tissue,  under 
pathological    conditions,   are   among   the   commonest   of   morbid 


Fig.  71.    Resorption  of  bonk. 


(Section  of  a  bony  trabecula  in  the  neighbourhood  of  the  resected  end  of  the  femur :  pre- 
paration hardened  in  Miiller's  fluid  and  alcohol,  decalcified  in  picric  acid,  stained 
with  alum-carmine,  and  mounted  in  Canada  balsam :  x  200) 

c    round-cells  e    HowsMp's  lacunae 

d    osteoclasts  /   blood-vessel 


trabecula 

fat-cells  of  the  marrow 


phenomena.     As  a  rule  the  morbid  process  follows  the  lines  of 
the  normal  process  known  as  lacunar  resorption. 

At  the  point  where  the  bone  is  about  to  be  absorbed  multi- 
nuclear  cells  or  myeloplaxes  (Fig.  71  d}  appear  in  the  marrow 
or  periosteum,  and  attach  themselves  to  the  surface  of  the  bony 
trabeculae.  Kollikek  has  termed  the  multinuclear  cells  that  are 
met  with  in  normal  osseous  resorption  osteoclasts,  a  name  which 
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has  also  come  into  general  use  for  the  myeloplaxes  of  pathological 
resorption. 

After  a  time  deep  erosions,  generally  referred  to  as  Howship's 
lacunae  or  foveolae  (Fig.  71  e),  form  at  the  points  where  the 
osteoelasts  are  adherent.  It  is  assumed  that  the  osteoclasts  effect 
the  active  dissolution  of  the  underlying  osseous  tissue. 


Fig.  72.    Ecoentkic  atkophy  of  the  lower  ends  of  the  tibia  and  fibula, 
with  osteoporosis. 

(Natural  size) 


When  a  large  portion  of  the  bone  is  being  absorbed,  the  osteo- 
clasts appear  in  great  numbers,  and  lie  close  together.  Corre- 
spondingly numerous  grooves  and  pits  are  produced  on  the  bone, 
and  its  surface  thus  presents  a  rough  and  eroded  appearance. 
During  the  continuance  of  the  process  the  surface  is  covered  with 
these  grooves.      When  the  resorption  ceases  the  surface  again 
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becomes  smooth,  either  from  absorption  of  the  prominent  inter- 
lacunar  ridges,  or  from  the  deposition  of  new  osseous  tissue  in  the 
eroded  lacunae. 

If  the  resorption  proceeds  chiefly  from  the  side  of  the  marrow, 
the  result  is  eccentric  atrophy  (Fig.  72) ;  the  external  form  of 
the  affected  bone  remains  unaltered,  while  its  cavities  and  nutrient 
canals  become  wider,  and  its  lamellae  and  trabeculae  thinner. 
When  resorption  is  mainly  external,  on  the  other  hand,  there  is 
concentric  atrophy  (Fig.  73  and  Fig.  74),  or  local  defects  are 
produced.  If  the  compact  osseous  tissue  becomes  porous  from 
the  widening  of  the  Haversian  canals  (Fig.  72),  the  condition  is 
termed  osteoporosis.     In  cases  of  excessive  atrophy  the  marrow 


Fig.  73.  Senile  atrophy  op  the  calvakidm. 

(With  defects  of  the  outer  table  and  diploe  in  the  middle  portions  of  the  parietal  bones  : 
reduced  to  one-third  natural  size) 

of  the  enlarged  medullary  cavities  often  consists  of  pure  adipose 
tissue,  a  condition  which  has  led  to  the  process  being  described  as 
a  'fatty  degeneration  of  the  bones.' 

In  old  age  lacunar  resorption  affects  large  portions  or  even  the 
whole  of  the  skeleton,  and-  it  is  then  termed  senile  atrophy.  It 
sometimes  occurs  in  a  marked  degree  in  the  flat  bones,  in  the 
vault  of  the  skull  (Fig.  73),  in  the  scapula,  and  in  the  pelvis, 
chiefly  in  parts  that  are  not  covered  by  muscles.  In  the  skull  the 
resorption  of  the  parietal  bones  (Fig.  73)  may  go  so  far  as  to 
destroy  the  entire  outer  table  and  diploe,  and  even  some  portions 
of  the  inner  table.  In  a  few  spots  the  bone  may  be  entirely 
destroyed  and  so  perforated.     Next  in  frequency  to  the  parietal 
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bones  the  supra-occipital  is  most  apt  to  be  affected,  the  frontal 
bone  but  rarely.  As  the  erosion  is  not  uniform,  shallow  grooves 
appear  on  the  external  surface  of  the  skull.  The  bone  at  the  foci 
of  resorption  looks  (full  and  lustreless,  indeed  almost  rough,  and 
the  surface  is  studded  with  a  number  of  small  medullary  cavities 
filled  with  blood. 

In  the  diploe  the  addition  of  new  bone  to  the  old  usually  gives 
rise  to  condensation  of  the  tissue  before  resorption  begins.     De- 


FiG.  74.    Hypoplasia  of  the  pubis,  ischium,  and  rtruM  of  the  left  side. 

(From  coxitis  which  had  prevented  the  use  of  the  left  leg  in  early  life :  the  right  ace- 
tabulum ts  displaced  inwards,  the  pelvis  being  therefore  obliquely  contracted:  rather 
less  than  half  the  natural  size) 

posits  of  osseous  tissue  also  occur  on  the  inner  surface  of  the  skull, 
especially  in  the  frontal  bone. 

In  the  facial  part  of  the  skull  senile  atrophy  affects  mainly  the 
upper  and  lower  maxillae,  the  alveolar  processes  of  which  are 
sometimes  entirely  absorbed. 

In  the  vertebrae  and  in  the  bones  of  the  extremities  both  con- 
centric and  eccentric  atrophy  take  place,  the  bony  trabeculae  being 
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thereby  in  places  thinned  or  even  entirely  absorbed.  Should  the 
greater  part  of  the  trabeculae  be  absorbed  at  any  particular  point, 
so  that  the  continuity  of  their  connexions  is  interrupted,  the  bone 
is  liable  to  give  way  at  that  point  (Art.  50). 

Resorption  may  be  so  excessive  that  the  remaining  bony  tissue 
becomes  incapable  of  withstanding  an  ordinary  strain,  and  so 
fractures  with  great  readiness  :  this  condition  has  been  termed 
symptomatic  osteopsathyrosis,  or  fragilitas  ossium. 

Absence  of  functional  use  (Fig.  74)  is  a  frequent  cause  of  pre- 
mature lacunar  resorption  of  the  bones:   this  form  of  atrophy 


Fig.  75.  Extreme  atkophy  of  the  cranial  bones  produced  by  the  pressure 
of  the  developing  brain. 

The  position  of  the  cerebral  convolutions  is  indicated  hy  deep  impressions,  that  of  the 
sulci  by  sharp  bony  ridges.  The  ethmoid  is  bulged  downwards,  and  the  wings  of 
the  sphenoid  and  the  lower  border  of  the  squama  of  the  petrous  bone  are  forced  for- 
wards and  downwards. 

(Skull  brachycephalic  and  hypsocephalic:  premature  synostosis  of  the  lateral  and 
lower  portions  of  the  cororMry  suture,  with  compensatory  increase  in  height  in  the 
region  of  the  parietal  bones  and  the  sagittal  suture  :  five-sevenths  of  the  natural 
size) 


from  disuse  occurs  not  only  when  a  limb  or  part  of  a  limb  is 
deprived  of  its  normal  activity,  but  also  when  portions  of  a  single 
bone  cease  to  perform  their  function  of  support. 

Atrophy  of  the  first  kind  occurs  in  the  stumps  of  amputated 
limbs,  and  in  the  bones  of  limbs  that  have  ceased  to  be  used  (Fig- 
74);  while  atrophy  of  the  second  kind  is  observed  in  fractured 
bones  where  the  fragments  have  overlapped  during  the  process  of 
healing,  the  atrophy  affecting  those  trabeculae  which  from  the 
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altered  direction  of  the  stress  are  no  longer  required  to  act  as 
supporting  structures. 

Those  forms  of  bony  atrophy  which  appear  as  the  sequelae  of 
nervous  diseases  are  termed  neuroparalytic  and  neuropathic 
atrophies.  When  they  occur  in  paralysed  limbs  it  is  natural  to 
attribute  them  to  mere  disuse.  But  not  infrequently  diseases  of 
the  spinal  cord  and  brain,  that  are  unaccompanied  by  paralysis 


Fig.  76.    Deformity  of  the  superior  and  infbrior  maxillae  and  their 
alveolar  processes  produced  by  cicatrisation  after  a  burn. 

{Dekp  incurving  of  the  anterior  surface  of  the  superior  maxilla :  nearly  horizontal  posi- 
tion of  the  alveolar  process :  decrease  in  size  of  the  inferior  maxilla,  a7id  almost 
entire  disappearance  of  the  angle  between  the  ascending  and  horizontal  rami :  bony 
ankylosis  between  the  superior  and  the  inferior  maxilla) 

of  the  limbs,  such   as   posterior   sclerosis  (tabes)  and  paralytic 

dementia,  are  associated  with  remarkable  wasting  and  fragility  of 

the  bones,  and  commonly  with  articular  changes  also  (see  Art.  75). 

Atrophy  from  pressure  is   another  and  very  frequent  form 
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produced  by  persistent  local  pressure  on  a  bone.     Thus  an  increase 
of  the  cranial  contents  may  induce  such  atrophy  of  the  cranial 
bones  that  the  entire  internal  surface  is  roughened,  the  inner  table 
more  or  less  absorbed,  and  the  tegmen  tympani  thinned  and  per- 
forated.    Should  the  convolutions  of  the  brain  be  pressed  against 
the  bone,  the  result  may  be  a  deepening  of  the  impressions  which 
are   normally  present  (Fig.  75),  while  the   sulci   receive  corre- 
sponding ledges  and  ridges  of 
bone.     The  pacchionian  bodies 
of  the  pia  mater  produce  deep 
pits  in  the  bone,  which  some- 
times   penetrate    to    the    outer 
table.     The  frontal  sinuses  and 
the  antrum  of  Highmore  may 
become  enlarged  from  the  accu- 
mulation of  liquid  or  the  press- 
ure    of    tumours.      Cutaneous 
scars  undergoing  great  contrac- 
tion may  press  upon  the  under- 
lying bone  and  induce  extensive 
resorption  (Fig.  76),  with  the 
result  of  very  considerable  dis- 
tortion and  disfigurement.   Such 
scars  usually  result  from  burns. 
The  pressure  of   aneurysms  of 
the    aorta   upon  the  vertebrae, 
sternum,  or  ribs  may  produce 
more  or  less  extensive  erosions 
(Fig.  77),  and  may  even  entirely 
destroy  the  bone  at  the  point  of 
pressure.      Tumours  of  the  soft 
parts  which  exert  pressure  upon 
the  adjacent  bones  often  have  a 
similar  effect. 

Finally,  every  periostitis  or 
osteomyelitis  that  reaches  a  cer- 
tain degree  of  intensity  and 
persists  for  a  certain  length  of 
time  (Chap,  xvi),  and  every 
tumour  that  developes  in  the 
bone-marrow  or  on  the  inner 
surface  of  the  periosteum,  give  rise  to  some  resorption  of  bone. 

Pressure,  inflammation,  and  the  development  of  tumours  result 
generally  in  local  atrophy  of  bone;  but  a  local  inflammation,  such 
as  destructive  arthritis,  may  induce  abnormal  resorption  over  en- 
tire bones,  and  so  lead  to  fragilitas  ossium.  Small  and  local  super- 
ficial defects,  visible  by  the  unaided  eye,  are  termed  erosions;  if 
larger  portions  are  destroyed,  or  at  least  strikingly  altered  and 


Fig.  77.  Atrophy  of  the  last  thoeacic 
and  upper  lumbar  vertebrae,  from 
the  pressure  of  an  aortic  aneu- 
RYSM. 

{Reduced  to  two-fifths  of  the  natural  size) 
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rarefied,  we  speak  of  the  affection  as  caries  (Chap.  xvi).  When 
the  bony  tissue  is,  by  the  action  of  some  noxious  agency,  not 
merely  eroded  but  killed  outright,  and  in  considerable  mass,  we 
speak  of  the  process  as  necrosis.  Caries  and  necrosis  may  be 
combined  in  many  ways,  producing  a  condition  which  is  called 
necrotic  caries. 

Both  in  marked  lacunar  atrophy  and  in  far-advanced  osteoma- 
lacia (Art.  43)  cysts  may  form  in  the  interior  of  the  bones,  with 
clear  or  turbid  liquid  or  haemorrhagic  contents.  They  arise  in 
these  affections  from  the  total  disintegration  and  liquefaction  of 
the  constituent  parts  of  the  tissue,  and  may  reach  a  great  size, 
in  certain  cases  nearly  equalling  the  bone  in  diameter.  At  times 
the  bone  may  be  actually  distended  by  a  secondary  accumulation 
of  liquid.  Cysts  are  occasionally  produced  within  bones  from 
new-growths  which  have  undergone  liquefactive  softening,  for 
example  from  enchondroma,  myxoma,  and  sarcoma.  Cysts  may 
also  occur  which  have  no  perceptible  connexion  with  new-growths 
or  with  excessive  resorption. 

According  to  certain  authorities  (Lobstbin:  Traite  d'anat.  pathol.  Paris 
1833 ;  GuRLT :  Lehre  von  Knochenbriichen  Berlin  1862 ;  Volkmann  :  Hand- 
buck  der  Chirurgie  ii  1872;  Endbrlen:  Osteopsathyrosis  V.  A.  131  1893), 
there  is  an  idiopathic  form  of  fragilitas  ossium  in  which  no  rarefaction  of  the 
osseous  tissue  is  apparent.  This  malady  is  congenital,  or  developes  from  some 
unknown  reason  in  adult  life,  and  may  appear  in  different  members  of  the 
same  family.  If  the  views  of  these  authorities  be  correct,  we  must  assume 
that  in  the  persons  so  affected  the  organic  substratum  of  the  bony  trabeculae 
possesses  some  morbid  character  which  manifests  itself  by  abnormal  brittleness 
of  the  bones. 
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43.  Halisteresis  ossium  (aXo<;  of  salt,  a-reprja-ii;  deprivation) 
or  decalcification  is  a  form  of  atrophy  of  bone  in  which  at  first 
nothing  but  solution  of  the  calcareous  salts  takes  place,  while  the 
organic  matrix  or  cartilage,  though  somewhat  altered,  is  preserved 
for  a  certain  length  of  time. 

The  solution  of  the  lime-salts  begins  on  the  periphery  of  the 
trabeculae  (Fig.  7.8  S),  and  advances  progressively  from  these  to 
the  deeper  layers.  The  boundary-line  of  the  still  calcified  portion 
(a)  sometimes  runs  parallel  to  the  surface  of  the  trabeculae  ;  at 
other  times  it  has  an  irregular  contour,  showing  depressions  simi- 
lar to  those  known  as  Howship's  lacunae.  Between  the  calcified 
and  the  completely  decalcified  parts  there  is  sometimes  a  zone 
in  which,  as  in  commencing  ossification,  calcareous  particles  of 
various  sizes  are  visible. 

According  to  the  researches  of  von  Recklinghausen  and 
Apolant,  in  halisteric  atrophy  the  existing  Haversian  canals  are 
generally  widened,  and  new  canals  and  clefts  appear  in  the 
ground-substance  of  the  bone.  This  condition  is  the  result  of 
decalcification,  and  gives  rise  to  the  peculiar  lattice-like  or  rather 
feather-like  markings  which  are  seen  in  suitably  prepared  micro- 
scopic sections  of  the  bone. 
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The  matrix  of  the  decalcified  bone  is  sometimes  homogeneous, 
and  sometimes  finely  or  coarsely  fibrous.  Not  infrequently  the 
normal  lamellar  stratification  can  still  be  distinctly  traced,  the 
lamellae  being  continuous  with  those  of  the  stiU  calcified  part. 
Some  of  the  bone-corpuscles  are  clearly  visible,  while  others  have 
disappeared,  or  are  represented  only  by  small  oval  spaces,  without 
visible  stellate  processes. 

The  width  of  the  decalcified  portion  is  naturally  subject  to 
considerable  variation.  In  extreme  cases  of  halisteresis  the  amount 
of  persisting  calcified  bony  substance  is  very  small,  numbers  of 
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Fig.  78.    Section  op  a  vertebra  affected  with  osteoma. 
{Preparation  hardened  in  alcohol,  cut  without  decalcification,  stained  with  eosin,  and 

mounted  in  thick  Canada  balsam :  x  45) 
a    remains  of  calcified  bone  e    larger  medullary  cavities 

6    decalcified  bone  /    larger  spaces  arising  from  the  absorption 

c    decalcified  and  atrophied  trabeculae  of  the  trabeculae 

d    Haversian  canals 

individual  trabeculae  being  entirely  decalcified  (c).  The  decalci- 
fied cartilaginous  matrix  may  persist  for  a  time,  and  is  probably 
capable,  by  again  taking  up  lime-salts,  of  being  transformed  once 
more  into  firm  bone.  If  however  the  process  of  decalcification 
continues,  it  is  generally  followed  by  the  disintegration  and  solu- 
tion of  the  matrix. 

Halisteresis  may  occur  as  a  local  affection  in  limited  portions 
of  a  bone,  for  example  in  the  site  of  tumours  which  destroy  the 
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osseous  tissue.  More  frequently,  however,  it  extends  more  widely, 
and  occasionally  involves  the  entire  skeleton ;  in  the  latter  case 
it  forms  the  characteristic  symptom  of  the  disease  known  as 
osteomalacia.  According  to  the  time  of  its  appearance,  this 
disease  is  termed  senile  or  juvenile,  the  latter  form  occurring 
most  frequently  during  pregnancy.  The  puerperal  form  is  apt 
to  begin  in  the  bones  of  the  pelvis,  being  indeed  often  confined  to 
these  and  the  neighbouring  bones.  It  may,  however,  extend  over 
the  greater  part  of  the  skeleton,  especially  when  the  woman  passes 
through  several  pregnancies  after  the  disease  has  begun.  The 
non-puerperal  form  begins  most  frequently  in  the  vertebrae  and 


Fig.  79.    Osteomalacia  of  the  pelvis. 
u    the  fifth  lumbar  vertebra,  which  has       b    angular  bending  of  the  os  pubis 
sunk  forward  and  to  the  left  with       c    Incurved  ilium 
the  body  of  the  sacrum 

the  thorax,  spreads  thence  to  the  extremities,  and  finally  to  the 
cranial  bones.  The  incidence  of  the  disease  is  practically  lim- 
ited to  certain  geographical  areas ;  in  Germany  in  particular  it 
is  confined  to  the  basin  of  the  Rhine. 

The  causes  of  morbid  decalcification  are  at  present  unknown: 
many  authors  suppose  that  the  presence  of  lactic  acid  in  the  bone- 
marrow  causes  solution  of  the  lime-salts;  others  attribute  the 
condition  to  an  increased  amount  of  carbonic  acid  in  the  blood. 
According  to  Eisbnhaet,  the  alkalinity  of  the  blood  is  dimin- 
ished. Von  Recklinghausbk  regards  osteomalacia  as  essen- 
tially due  to  some  local  irritation  of  the  vascular  mechanism  of 
the  bones.     Anatomical  examination  of  the  osseous  tissue  gives 
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no  adequate  clue  to  the  causes  of  the  disease.  During  the  pro- 
gress of  the  malady  the  bone-marrow  is  hyperaemic,  and  frequently 
contains  scattered  haemorrhagic  foci,  or  traces  of  them  such  as 
pigmentary  deposits.  During  the  stage  of 
hyperaemia  the  fat  of  the  marrow  appears  to 
be  decreased  and  the  cells  to  be  increased. 
The  marrow  may  again  assume  its  fatty  char- 
acter, or  it  may  become  gelatinous.  Where 
the  bony  substance  has  in  large  measure  dis- 
appeared, the  marrow  usually  becomes  liquid, 
and  larger  or  smaller  smooth-walled  cysts  are 
produced.  Under  certain  conditions,  the  tis- 
sue filling  the  medullary  cavities  having  be- 
come liquid,  and  the  exterior  wall  being 
reduced  to  a  thin  decalcified  stratum  covered 
with  periosteum,  a  long  bone  may  assume  the 
appearance  of  a  mere  membranous  sac. 

Bones  that  have  been  severely  affected  by 
osteomalacia  always  lose  their  firm  consis- 
tence ;  they  are  readily  broken,  bent,  or  in- 
dented, and  a  knife  may  with  ease  be  passed 
through  their  entire  thickness.  Sometimes  in 
the  case  of  the  long  bones  a  mere  cortical 
layer  of  the  thinness  of  paper  alone  retains 
the  form  of  the  bone,  while  the  almost  en- 
tirely decalcified  bodies  of  the  vertebrae  may 
be  squeezed  out  like  a  sponge.  In  these  cir- 
cumstances it  is  not  surprising  that  the  skele- 
ton undergoes  manifold  variations  of  form 
during  life.  "Various  curvatures  and  angu- 
larities, with  shortening  of  the  total  length, 
may  take  place  in  the  spinal  column,  accord- 
ing to  the  weight  it  has  to  bear,  and  the  soft- 
ness and  pliability  of  the  several  segments. 
Forward  curvature  is  called  lordosis,  back- 
ward curvature  kyphosis,  and  lateral  curva- 
ture sceliosis.  In  kyphosis  of  the  thoracic 
vertebrae,  the  ribs  are  pushed  together  and 
the  sternum  is  bent  at  an  angle.  In  addition 
to  this,  the  lateral  parts  of  the  ribs  are  forced 
in,  or  even  sharply  bent,  by  atmospheric 
pressure  during  inspiration,  and  by  the  weight 
of  the  body  when  recumbent  on  the  side.  In 
the  pelvis  (Fig.  79)  the  base  of  the  acetabu- 
lum yields  to  the  pressure  of  the  head  of  the 
femur,  and  is  forced  toward  the  interior  of  the  pelvis,  whUe  the 
symphysis  pubis  is  pressed  outward  and  forward.  In  the  erect 
posture  the  promontory  of  the  sacrum  sinks  downward  (a),  and 


Fig.  80.  Osteomala- 
cia OF  THE  TIBIA. 

(Frontal  section  of  left 
tibia  bent  outward  as 
a  result  of  osteomala- 
cia: one-third  natu- 
ral size) 

a  b  relatively  well-pre- 
served cortical  strata 

c  rarefied  cortical  stra- 
tum 

d!  newly-formed  osteoid 
tissue 
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the  iliac  crests  are  bent  by  tbe  traction  of  the  muscles  attached 
to  them.  These  distortions  give  rise  to  various  degrees  of  con- 
traction and  deformity  of  the  pelvis,  which  are  often  increased 
by  shrinking  and  atrophy  of  its  several  bones.  Bending,  angular 
yielding  (Fig.  80),  and  fracture  are  of  frequent  occurrence  in  the 
bones  of  the  extremities. 

When  the  weight  borne  by  the  bones,  or  traumatic  injury,  gives 
rise  to  curvature,  angularity,  or  fracture,  new  bony  tissue  may 
be  formed  even  though  halisteresis  is  still  in  progress,  and  fract- 
ures may  thus  become  consolidated  by  the  development  of  well- 
defined  callus.  In  curvature  of  the  long  bones  the  new-formation 
of  osseous  tissue  on  the  convex  parts  of  the  curve  is  often  very 
considerable  (Fig.  80  d).  One  difference  between  this  new- 
formation  and  osseous  repair  in  healthy  persons  (Arts.  44  and  45) 
is  that  in  the  former  case  the  new  tissue  becomes  calcified  only 
in  part,  namely  in  the  centre  alone  of  the  bony  trabeculae,  and 
persists  for  a  long  time  in  the  condition  of  osteoid  or  semi-cartilag- 
inous tissue.  This  new  osteoid  tissue  is  readily  distinguished 
from  the  old  and  decalcified  tissue  by  the  fact  that  the  former 
contains  large  bone-corpuscles  with  well-developed  cells,  and  that 
its  matrix  has  a  different  structure.  New  osteoid  tissue  is  not 
infrequently  formed  in  bones  that  have  not  perceptibly  bent  or 
yielded. 
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CHAPTER   XVI 
KEGENERATION  AND  HYPERTROPHY 

44.  The  osseous  part  of  the  skeleton,  when  it  has  reached  its 
full  development,  is  a  structure  that  cannot  be  increased  in  size 
by  the  intercalation  of  new  tissue  between  the  elements  of  the 
old.  The  theory  set  forth  by  many  authorities  (Wolpp,  Gud- 
den),  and  maintained  even  in  recent  times,  that  the  osseous  tis- 
sues are  capable  of  increase  by  expansive  or  interstitial  growth, 
can  at  most  be  admitted  in  the  case  of  bones  that  have  not  yet 
attained  their  maturity.  The  mature  bone  grows  only  by  the 
apposition  or  addition  of  new  bony  elements  outside  the  old,  and 
even  when  the  medullary  cavity  of  the  bone  appears  to  grow  wider 
it  is  only  because  apposition  of  bony  matter  on  the  exterior  is 
accompanied  by  resorption  of  the  interior. 

Nevr  osseous  tissue  is  formed  by  the  periosteum,  by  the 
marrow,  and  by  the  diaphysial  and  epiphysial  cartilages.  It  is 
the  internal  stratum  of  the  periosteum,  variously  described  as 
the  cambium  layer  (Billroth),  proliferous  stratum  (Virchow), 
osteoplastic  stratum  (Strelzopf),  or  periosteal  marrow  (Ran- 
vier),  that  normally  produces  bone,  although  this  power  is  not 
entirely  lacking  in  the  outer  layer.  From  its  mode  of  origin,  the 
inner  periosteal  layer  is  equivalent  in  its  nature  and  structure  to 
the  bone-marrow,  and  is  for  the  most  part  in  unbroken  continuity 
with  it. 

The  bony  tissue  that  developes  from  the  marrow  and  the  peri- 
osteum begins  either  as  a  purely  cellular  structure  or  as  a  tissue 
that,  before  its  ossification,  is  composed  of  cells  embedded  in  a 
hyaline  or  fibrillated  matrix.  The  process  of  ossification  con- 
sists essentially  in  the  conversion  of  certain  parts  of  the  prelim- 
inary structure,  destined  to  form  the  substratum  of  the  bone,  into 
a  dense  tissue  containing  lime-salts,  while  the  remaining  cells  not 
thus  utilised  become  enclosed  within  peculiar  stellate  cavities  in 
the  osseous  matrix  and  are  termed  bone-corpuscles. 

In  the  formation  of  bone  from  the  cartilages  of  the  diaphyses 
and  epiphyses  the  cartilage  is  almost  entirely  absorbed  by  the 
adjacent  medullary  tissue,  and  the  new  bone  is  derived  essentially 
from  the  cells  of  the  marrow  (Art.  54). 

The  production  of  new  bone  under  pathological  conditions  is 
exactly  similar  to  the  normal  process  of  ossification.     Most  fre- 
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quently  the  production  is  effected  by  the  aid  of  osteoblasts  or 
bone-forming  cells  derived  from  the  periosteal  or  medullary  cells, 
which  multiply  by  karyokinetic  subdivision. 

When  the  new  osseous  formation  is  designed  merely  to 
strengthen  existing  trabeculae,  the  osteoblasts  are  grouped  on 
the  surface  of  the  old  bone  in  the  form  of  a  close  fringe  or  border, 
and  are  distinguishable  by  their  size  and  their  clear  vesicular 
nuclei  (Fig.  81  e).  The  osteoblasts,  at  the  expense  of  the  greater 
portion  of  their  protoplasm,  then  give  rise  to  a  dense  fibrillated 
connective-tissue  framework  or  matrix,  which  contains  small  stel- 
late cavities,  the  so-called  bone-corpuscles.  These  cavities  remain 
open,  and  are  occupied  by  such  of  the  osteoblasts  as  are  not  used 
up  in  the  formation  of  the  matrix  (Fig.  81  J) .  By  the  deposition 
of  lime-salts  in  the  matrix  the  newly-formed  tissue  receives  the 
characters  and  appearance  of  bone,  and  forms  a  new  lamella  on 
the  surface  of  the  old  (6),  the 

cells  it  encloses  representing  the       _           ^^               .."          ^t 
residual  osteoblasts.  r  &'^''^;&t^^-'^^'i'' 


When  fresh  trabeculae  are  to 
be  formed  in  the  periosteum  or 
the  marrow,  and  these  structures 

are    in  process   of   proliferation,  _     _ 

the  osteoblasts  group  themselves  "^fEfzEr"^^^  ^^^^' 

within  the  cellular  germinal  tis-  111-^^^^-:: — -^ir^ 

sue  in  rows  and  clusters  of  various        :=:;= =:»i 


sizes.     Between  them  is  formed     fig.  8i.   The  formation  of  new  bone 

a  rlpnep  fiTir-intifprl  ma+Ti-r    atpinprl  O"  ^^E   surface   of  old   bone   by 

a  aense  nDrinatea  matrix,  stamea         ^^^^^^  ^f  a  layek  of  osteoblasts. 

red   by  carmine  (i  Ig.   82    ej   and  (Preparation  hardened  in  Mailer's  fluid 

Fig.  83  c),  which  encloses  the  re-  «'*<*    alcohol,    decalcified  with  picric 

•    ■    „      J.     1,1     X        -iv,-     •  acid,  stained  with  haematoxylin  and 

mainmg  osteoblasts  WlthmirregU-  carmine,    and    mounted   in    Canada 

larly -branched  or  stellate  spaces.         haisam  .■  x  300) 

The  tissue  so  built  up  grows  more  «   ow  tione 

J  ^•^       -i  ■      A.      ,  0    newly-formed  lamella 

and  more  like   bone  in  texture,  c  osteoblasts 

and  is  accordingly  termed  osteoid 

tissue.     When  it  is  infiltrated  with  lime-salts  it  is  converted  into 

osseous  tissue,  the  thickness  of  which  may  afterwards  be  greatly 

increased  by  the  apposition  of  new  bone,  elaborated  by  layers  of 

osteoblasts  (Fig.  82^). 

The  tissue  formed  by  the  proliferous  periosteum  or  marrow  not 
infrequently  in  the  first  instance  resembles  cartilage  (chondroid 
tissue);  this  may  afterwards  be  converted  into  osteoid  tissue,  or 
may  develope  into  well-formed  cartilage  (Fig.  84  6). 

The  formation  of  cartilage  (6)  from  the  proliferous  germinal 
tissue  is  characterised  by  the  appearance  of  a  hyaline  matrix 
between  the  formative  cells  or  chondroblasts.  The  hyaline 
matrix,  when  treated  with  haematoxylin,  takes  a  reddish- violet  or 
purple  stain  (Fig.  84  /).  The  persisting  chondroblasts  (d)  are 
ultimately   enclosed   within   rounded   cavities,  about  which  the 
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matrix  becomes  somewhat   condensed   and   so   forms   a   sort  of 
capsule. 

The  newly-formed  cartilage,  except  in  the  case  of  chondromata, 
is  usually  short-lived,  and  is  soon  transformed  into  osseous  tissue 
or  into  marrow.  This  change  is  always  preceded  by  the  penetra- 
tion of  blood-vessels  into  the  substance  of  the  cartilage  (Fig. 
85  c),  accompanied  by  the  formation  of  processes  of  cellular 
medullary  tissue  (d  e).  Some  of  the  marrow-cells  come  with  the 
ingrowing  blood-vessels ;  others  are  derived  from  the  cartilage 
itself   (i  k),  which   in   the  neighbourhood  of  the  blood-vessels 


Fig.  82.    Myelogenous  formation  of  bone  from  aggregations  op  osteoblasts. 

(Section  from  the  internal  callus  of  a  fortnight-old  fracture  of  the  fibula  in  a  man  aged 
25:  preparation  hardened  in  Miiller's  fluid  and  alcohol,  decalcified  with  picric  acid, 
stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  x  150) 


a    fat-cells  of  the  marrow 
6    fatless  marrow 
c    single  osteoblasts 
d    groups  of  osteoblasts 
e    first  stage  in  the  development  of  the 
osseous  matrix 


/  osseous  trabeculae  in  process  of  forma- 
tion 

g  osteoblasts  surrounding  the  newly- 
formed  trabeculae 

h    blood-vessel 


breaks  up  and  becomes  proliferous.  If  the  cartilage  is  not  in  this 
way  entirely  dispersed  and  displaced,  its  remnants,  reduced  to  a 
few  trabeculae,  are  transformed  into  osteoid  tissue  (Fig.  85  /) 
and  then  into  true  bone,  whose  trabeculae  may  afterwards  receive 
appositional  increments  from  the  action  of  osteoblasts  (Fig.  85  g'). 
In  a  similar  manner  epiphysial  cartilage,  whose  physiological 
growth  has  ceased,  is  transformed  into  bone.  The  formation  of 
bone  in  this  case  is  likewise  preceded  by  the  development  of 
medullary  processes  and  spaces,  originating  either  in  an  ingrowth 
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of  marrow  from  adjacent  parts,  or  in  preliminary  dissolution  and 
subsequent  proliferation  of  the  cartilage  itself. 


Fig.  83.    Formation  of  osteoid  trabecitlae  from  proliferous  periosteum. 

(Preparation  from  a  fortnight-old  fracture:  hardened  in  MtiUer's  fluid  and  alcohol, 
decalcified  loith  picric  acid,  stained  with  haematoxylin,  and  mounted  in  Canada 
balsam :  x  50) 

c    osteoid  tissue 


u    external  fibrous  layer  of  the  perios- 
teum 
b    germinal  tissue 


d    chondroid  tissue 
e    medullary  tissue 


Bone-formation  also,  and  not  infrequently,  occurs  in  mature 
tissues  that  have  ceased  to  be  proliferous,  their  substance  under- 
going  metaplastic   transformation.     When   connective   tissue   is 


Fig.  84.    Periosteal  formation  of  cartilage. 

(From,  u.  fracture  five  days  old:  preparation  treated  with  Flemming's  nucleus-fixing 
solution  and  haematoxylin,  and  mounted  in  glycerine  .■  x  250) 


a    cellular  germinal  tissue 

6    chondroid  tissue 

c    proliferous  periosteal  formative  cells 

d    cartilage-cells 

di  (?2    karyokinesis  in  cartilage-cells 


e  matrix  of  the  germinal  tissue 

/  matrix  of  the  cartilage 

g  capsule  of  cartilage-cell 

li  proliferous  endothelium  of  a  capillary 
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thus  changed  into  osseous  tissue,  the  steps  of  the  process  are 
these:  In  a  particular  region  the  fibrous  groundwork  of  the  tissue 
(Fig.  86  a)  becomes  more  condensed  (6),  and  lime-salts  are  de- 


FlG.   85.      FOBMATION  OF  BONK  J-ROM  CAKTILAGE  IN  A  CALLUS  FOURTEEN  DAYS  OLD. 

{Preparation  hardened  in  Mailer's  fluid,  decalcified  with  picric  acid,  stained  with 
carmine,  and  mounted  in  Canada  balsam:    x  200) 


a  hyaline  cartilage 

6  medullary  spaces 

c  blood-vessel 

d  cellular  medullary  tissue 

e  fibro-cellular  medullary  tissue 

/  osteoid  tissue 

g  osteoblasts 


cartilage-cells  set  free  by  the  disap- 
pearance of  the  matrix 

proliferous  cartilage-cells  in  a  capsule 
that  has  burst  open 

proliferous  cartilage-cells  in  a  closed 
capsule 


Fig.  86.    Formation  of  bone  from  connective  tissue. 

{Section  through  a  developing  trabecula  from  an  ossifying  fibroma  in  the  periosteum  of 
the  superior  maxilla :  preparation  hardened  in  alcohol,  cttt  without  previous  decalci- 
fication, stained  with  haematoxylin,  and  mounted  in  Canada  balsam, :  x  200) 


o    connective  tissue 

b    condensed  tissue  forming  the  ground- 
work of  the  new  bone 


c  calcareous  infiltration 
d  connective-tissue  cells 
di  bone-corpuscles 
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posited  in  it  (c)  ;  the  connective-tissue  cells  (d)  are  then  by 
degrees  enclosed  in  irregularly-shaped  cavities,  and  thereby 
become  converted  into  bone-corpuscles  (c?i). 

Since  the  time  when  it  was  conclusively  ascertained  that  bones  grow  by 
apposition,  various  writers  (Ollieu,  Humphry,  Virchow,  Strelzokf,  Gud- 
DEN,  J.  Wolff,  Volkmann,  Huetek,  Ruge,  Egger,  and  others)  have  main- 
tained that  growth  may  likewise  take  place  interstitiaUy.  They  have  sought 
to  prove  this  by  various  methods,  including  the  microscopic  examination  of 
growing  bones,  the  insertion  of  pegs  or  the  piercing  of  drill-holes  at  various 
points  in  their  length,  and  the  fixing  of  rings  and  metal  discs  beneath  the 
periosteum.  None  of  these  methods  have  however  sufficed  to  demonstrate 
that  interstitial  growth  actually  takes  place  in  bones  that  have  already  attained 
maturity. 

According  to  Kollikbr,  three  varieties  of  bone  may  be  distinguished  in  the 
skeleton,  namely,  (1)  true  lamellar  bone  in  the  Haversian  systems ;  (2)  lamellar 
bone  with  Sharpey's  fibres,  in  the  intermediate  or  fundamental  lamellae  of  the 
long  bones ;  and  (3)  true  fibrous  or  membrane  bone  in  the  flat  bones  of  the 
skull. 

The  lamellar  bone  is  produced  by  osteoblasts,  and  consists  entirely  of  a 
gelatine-yielding  calcified  fibrillated  substance,  without  any  cementing  material. 
The  bundles  of  fibrils  form  by  their  apposition  continuous  layers  or  sheets,  and 
in  contiguous  layers  may  run  parallel  or  decussate  with  each  other. 

The  lamellar  bone  with  Sharpey's  fibres,  or  lamellar  fibrous  bone,  consists 
of  true  lamellar  osseous  tissue  formed  by  osteoblasts,  and  of  non-calcified  fibrous 
bundles,  or  Sharpey's  fibres,  which  originate  from  the  periosteum.  The  com- 
pact substance  of  the  long  bones  in  the  foetus  and  in  young  children  contains 
a  remarkable  mesh-work  of  ramifying  and  interwoven  Sharpey's  fibres,  and  has 
therefore  been  called  plexiform  osseous  tissue  (Ebner).  True  fibrous  bone 
arises  from  connective  tissue  and  cells,  the  connective-tissue  matrix  becoming 
entirely  calcified. 
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Ollier  :  Traite  de  la  regeneration  des  os  Paris  1867 ;  Osseous  grafting  in  man 

A.  de  physiol.  1889;    Surgical  osteogenesis  Verh.  internal,  med.  Congr.  in 
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45.  When  the  continuity  of  a  bone  is  interrupted  by  traumatic 
injury,  so  that  fracture  or  fissure  is  caused,  proliferation  of  the 
cells  oJE  the  periosteum  and  marrow  is  speedily  set  up,  and  in  the 
course  of  a  few  weeks,  if  the  wound  remains  uninfected  and  free 
from  suppuration,  results  in  the  repair  of  the  fracture.  The 
newly-formed  osseous  material  which  unites  the  fragments  of  the 
bone  is  termed  callus ;  according  to  its  source  it  is  distinguished 
as  exterior  or  periosteal,  interior  or  myelogenous,  or  intermediary 
callus.  Immediately  after  the  injury  by  which  a  bone  is  splintered, 
or  broken  transversely  or  obliquely,  the  ends  of  the  fragments 
(Fig.  88),  as  well  as  such  splinters  as  may  have  been  broken  off 
from  them  (Fig.  88  6),  are  usually  more  or  less  displaced  in  rela- 
tion to  each  other.  The  periosteum  is  generally  torn  at  the  seat 
of  fracture  and  in  part  stripped  from  the  bone;  while  the  neigh- 
bouring soft  parts  are  also  torn  and  crushed  to  a  varying  extent. 
A  certain  amount  of  blood  is  extravasated  into  the  bone-marrow 
and  the  surrounding  tissues. 

As  a  result  of  these  lesions  inflammation  sets  in  soon  after  the 
injury  is  inflicted,  so  that  the  tissues  are  infiltrated  with  liquid 
in  the  first  place  and  later  on  with  extravasated  cells.  The  peri- 
osteum accordingly  appears  reddened  and  swollen  during  the  first 
few  days  after  the  fracture.  Its  fibrous  layers  are  distended  and 
separated  by  albuminous  liquid,  and  small  round-cells  appear  here 
and  there  through  its  texture  (Fig.  87  g').  Similar  changes  occur 
in  the  tissues  contiguous  to  the  periosteum,  as  well  as  in  the  parts 
where  the  marrow  is  torn.  After  the  second  day  cells  can  be 
detected  which  contain  fragments  of  disintegrated  blood-corpus- 
cles, leucocytes,  and  the  detritus  of  damaged  tissue. 

In  simple  fractures  the  inflammation  at  no  time  reaches  a  high 
degree  of  intensity.  After  a  few  days  the  inflammatory  symp- 
toms usually  decrease;  at  the  end  of  the  fifth  or  sixth  day  the 
number  of  extravasated  leucocytes  in  the  tissues  is  small,  and 
unless  the  damage  has  been  severe  they  usually  disappear  entirely 
within  the  next  few  days. 

On  the  second  day  after  the  fracture  the  first  signs  of  prolifer- 
ation show  themselves  in  the  cells  of  the  periosteum  and  of  the 
bone-marrow.  Here  and  there  the  cells  and  nuclei  become  swollen 
(Fig.  87  a),  and  the  various  forms  of  karyokinetic  nuclear  divi- 
sion' follow  in  their  regular  order  (b  c).  During  the  next  few 
days  the  number  of  proliferous  cells  increases,  and  at  the  same 
time  the  endothelium  of  the  blood-vessels  (c?)  undergoes  active 
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proliferation.  By  the  third  or  fourth  day  the  osteoblastic  layer 
of  the  periosteum  has  been  transformed  into  a  highly-vascular 
germinal  tissue  (Fig.  87)  consisting  of  somewhat  large  poly- 
morphous cells.  Some  of  these  exhibit  karyokinetic  figures,  and 
all  are  embedded  in  a  homogeneous  or  fibrillated  matrix,  enclos- 
ing isolated  leucocytes.  The  blood-vessels  are  frequently  almost 
occluded  by  their  proliferous  endothelial  cells. 

The  cells  of  the  external  layer  of  the  periosteum  also  undergo 
proliferation;  but  here  the  fibrous  structure  of  the  membrane 
remains  visible  throughout., 

From  the  fourth  day  onward  the  germinal  tissue  begins  to 
be  differentiated.  In  the  layers  nearest  to  the  bone  appear  little 
patches,  that  presently  unite  into  trabeculae,  of  osteoid  and  occa- 
sionally of  chondroid  tissue  (Fig.  8B  o  d  and  Fig.  84).  These 
patches  and  trabeculae  are  after  a  short  time  transformed  into 


Fig.  87.  Proliferous  PERiosTEnM  four  days  after  fracture  of  the  bone. 

(Preparation  treated  with  Flemming's  nucleus-fixing  solution,  stained  with  haematoxy- 
lin,  and  mounted  in  glycerine  :  X  250) 

a    pale  formative  cells  with  large  nuclei  e    endothelial   cell   showing   karyoki- 

6    osteoblasts  showing  karyokinesis  netic  figure  . 

c    two  cells  with  nuclear  stars  shortly  /    small  deeply-stained  formative  cells 

after  division  g    leucocytes 

d    blood-vessels  with  proliferous  endo- 
thelium 

osseous  tissue.  The  highly-vascular  germinal  tissue  lying  be- 
tween these  cellular  aggregations  retains  its  loose  structure,  and 
by  degrees  assumes  the  characters  of  bone-marrow.  In  the  course 
of  the  next  few  days  the  number  of  osteoid  trabeculae  formmg 
on  the  broken  surfaces  steadily  increases,  and  by  the  end  of  the 
first  week  the  extremities  of  the  two  fragments  are  covered  with 
a  multitude    of   young  osteophytes  (Fig.  88  d  d^)   and  osteoid 

The  region  of  periosteal  osteophytic  growth  in  the  long  bones 
always  extends  for  some  distance  toward  the  epiphyses,  and  in 
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Fig.  88.    Longitudinal  sbotion  thbough  a  fracturb  of  thk  fibula  fourteen 

DAYS  old. 
{From  a  man  aged  25:  preparation  hardened  in  Milller's  fluid,  decalcified  with  picric 

acid,  stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada  balsam  :  X  7) 
a  cortical  layer  of  the  fibula       b  small  splinters        c  fatty  marrow        d  di  periosteal 
osteophytes       e  ej  trabeculae  of  osteoblasts  and  osteoid  tissue      /  newly-formed 
cartilage  g  myelogenous  osseous  trabeculae  h  myelogenous  trabeculae 

of  osteoblasts  and  osteoid  tissue         i  connective  tissue  covering  the  fractured  ends 
k  osteoblasts       I  external  fibrous  layer  of  the  periosteum 
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such  a  manner  that  the  proliferation  is  greatest  nearest  the  seat 
of  fracture  and  decreases  gradually  as  it  recedes  from  this  point. 

In  the  neighbourhood  of  the  fractured  ends  the  periosteal 
germinal  tissue  may  be  in  the  first  instance  transformed  more 
or  less  completely  into  hyaline  cartilage  (Fig.  88  f) ;  this  how- 
ever is  only  temporary,  and  is  soon  changed  into  spongy  bone 
(Fig.  85).  Sometimes  fibrous  connective  tissue  is  formed  in 
small  patches,  but  this  too  is  later  on  elaborated  into  osseous 
tissue. 

The  new  tissue  which  developes  from  the  inner  layer  of  the 
periosteum  generally  gives  rise  at  first  to  a  spindle-shaped  swell- 
ing of  the  periosteum  over  the  ends  of  the  broken  bone.  Usually 
during  the  second  or  third  week  the  proximal  and  distal  frag- 
ments are  bridged  over  by  the  periosteal  proliferation,  and  as 
the  development  of  firm  osseous  trabeculae  proceeds,  the  sepa- 
rated fragments  are  again  united.  If  splinters  have  been  detached 
(Fig.  88  h)  but  not  deprived  of  vitality,  they  are  joined  to  the 
ends  of  the  bone  by  osseous  trabeculae  that  grow  between  them 
or  cover  them  over.  While  the  outer  periosteal  callus  is  thus 
being  formed,  an  internal  myelogenous  callus  (Fig.  88  ^)  usually 
developes  at  the  same  time  in  the  marrow.  The  process  is  as 
follows :  the  proliferous  osteoblasts  form  trabeculae  (K) ;  these  are 
then  transformed  into  osteoid  tissue,  and  finally  into  osseous  tissue. 
The  inner  callus  is  generally  much  less  bulky  than  the  outer,  and 
may  under  certain  conditions  be  represented  merely  by  a  few 
trabeculae. 

The  intermediary  callus  that  forms  between  the  fragments  is 
almost  entirely  produced  by  the  ingrowing  of  the  external  peri- 
osteum. 

At  a  very  early  stage  processes  of  resorption  are  set  up  both 
in  the  old  and  in  the  newly-formed  bone.  As  regards  the  former, 
the  jagged  ends  of  the  fragments  (¥)  and  the  separate  splinters 
(5)  are  absorbed.  In  the  course  of  some  months,  after  union  has 
taken  place,  the  portion  of  the  callus  which  is  unessential  to  the 
function  of  the  bone  is  again  removed.  A  certain  amount  of 
involution  also  occurs  in  the  callus,  and  those  trabeculae  which 
are  especially  exposed  to  mechanical  stress  are  thickened  by 
apposition.  In  the  old  bone  those  parts  which  have  become  use- 
less by  reason  of  their  altered  statical  conditions  (Wolff)  are 
absorbed.  After  months  or  years  the  texture  and  form  of  the 
fractured  bone  thus  approach  very  nearly  to  their  original  condi- 
tion, and  the  boundary  line  between  the  old  and  the  new  bone 
disappears,  so  that  in  cases  where  there  has  been  but  little  dis- 
placement of  the  ends,  the  line  of  fracture  may  be  marked  only 
by  an  inconsiderable  thickening  (Fig.  89  ah).  In  cases  where 
the  dislocation  of  the  broken  ends  has  been  more  pronounced, 
greater  deformity  of  course  remains. 

At  the  same  time  that  resorption  takes  place  in  the  outer 
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callus,  processes  of  involution  are  set  up  in  the  indurative  thick- 
ening of  the  connective  tissues  of  the  contiguous  soft  parts,  which 
usually  accompanies  the  healing  of  the  fracture. 

The  bulk  of  the  callus  varies  greatly  in  different  cases,  and 
depends,  apart  from  the  individual  peculiarities  of  the  patient, 
upon  the  nature  of  the  osseous  tissue  at  the  seat  of  fracture,  upon 
the  size  of  the  bone,  and  upon  the  kind  of  fracture.  The  greatest 
amount  of  callus  forms  in  fractures  through  the  diaphyses  of  the 
long  bones.  The  callus  is  much  smaller  in 
fractures  near  the  epiphysial  ends  of  the 
long  bones,  in  the  small  cancellous  bones, 
and  in  the  flat  bones,  such  as  the  scapula, 
innominate,  and  cranial  bones.  In  the  lat- 
ter case  the  external  callus  is  very  small 
indeed,  and  scarcely  shows  above  the  sur- 
face ;  it  may  afterwards  be  entirely  ab- 
sorbed. The  fissure  between  the  edges  of 
the  fragments  is  often  incompletely  bridged 
over  by  osseous  tissue.  In  fractures  which 
extend  from  the  diaphysis  into  a  joint,  the 
extra-capsular  callus  is  strongly  developed, 
while  the  intra-capsular  callus  is  scanty. 
In  some  cases,  the  joint  is  bridged  over  by 
osteophytes  arising  from  the  extra-capsular 
callus. 

In  incomplete  fractures,  by  which  the 
continuity  of  the  bone  is  only  in  part  in- 
terrupted, and  no  portion  is  entirely  sev- 
ered from  its  connexions,  the  formation  of 
callus  is  limited.  The  like  holds  for '  green- 
stick'  fracture  of  the  long  bones,  dinting 
or  depression  of  the  flat  bones,  contusion 
or  crushing  of  the  spongy  bones,  and  for 
simple  cracks  or  splittings  of  bones  in 
general. 

In  complete  fractures,  in  which  there 
is  an  entire  separation  of  the  broken  parts, 
the  amount  of  callus  is  dependent,  other 
conditions  being  equal,  upon  the  amount 
of  separation  and  upon  the  number  of 
fragments.  The  callus, is  least  when  the  separation  is  so  slight 
as  not  to  tear  the  periosteum.  It  is  very  much  greater  when  there 
is  marked  lateral  displacement,  or  overlapping  of  the  fragments 
in  the  longitudinal  direction,  and  when  the  displaced  fragments 
meet  at  an  angle  (Fig.  90).  A  comminuted  fracture  with  much 
splintering  requires  a  greater  amount  of  callus  for  its  repair  than 
does  a  simple  transverse  or  oblique  fracture. 

If  splinters  of   bone  are  broken   off   and  widely  separated. 


Fig.  89 


FRAC- 


Reunited 
ture  of  the  tibia  and 
fibula,  with  synosto- 
sis of  the  bones. 

[Half  the  natural  size) 

line  of   fracture   in  the 

tibia 
in  the  fibula 
osseous    union    between 

the  tibia  and  fibula 
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union  between  them  and  the  bone  may  not  take  place.  Necrotic 
fragments  produce  and  keep  up  an  inflammatory  irritation,  which 
lasts  until  they  are  absorbed.  Living  fragments  that  preserve 
their  periosteal  covering  may  increase  in  size  through  apposition ; 
but  tiiey  are  ultimately  absorbed.  Fragments  enclosed  in  the 
callus  are  either  thickened  by  apposition  or  rarefied  by  resorption, 
their  fate  depending  on  whether  or  not  they  are  capable  of  sub- 
serving the  statical  function  of  the  restored  bone. 


Fig.  90. 


Fkactuke  of  the  spine  nine  months  old,  with  great  displacement 
op  the  tektebrae. 

(^Reduced  about  one-half) 

d    upper  portion  of  the  first  lumbar  ver- 


thoracic  vertebrae 
lumbar  vertebrae 

callus  formed  on  the  lower  half  of  the 
fractured  first  lumbar  vertebra 


tebra,  torn  and  dislocated  forwards 
and  downwards,  and  united  by  osse- 
ous bridges  to  the  anterior  surface  of 
the  second  and  third  lumbar  vertebrae 


When  contiguous  bones,  such  as  the  tibia  and  fibula,  are  broken, 
the  tissue  produced  by  the  proliferation  of  the  torn  periostea  may 
coalesce,  and  so  lead  to  the  formation  of  a  synostosis  (Fig.  89  c). 

If  the  ends  of  the  fragments  are  widely  separated  by  the 
traction  of  muscles  (as  in  transverse  fracture  of  the  patella  and 
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fracture  of  the  olecranon)  or  otherwise,  or  if  the  fragments  are 
continually  subject  to  relative  displacement,  bony  union  may  fail 
to  take  place.  This  may  happen  when  soft  parts  are  caught 
between  the  ends  of  the  fragments,  as  sometimes  occurs  at  the 
upper  extremity  of  the  humerus  and  femur ;  or  when  one  of  the 
fragments  is  ill-nourished  and  possesses  little  osteoplastic  tissue. 
The  latter  condition  arises  chiefly  in  the  case  of  intra-capsular 
fractures,  and  more  particularly  in  intra-capsular  fracture  of  the 
neck  of  the  femur  (Fig.  92).  Senile  debility 
and  marasmic  conditions  of  the  body  may  delay 
the  formation  of  callus.  Lastly,  even  in  per- 
fectly healthy  patients,  osseous  union  some- 
times fails. 

When  the  ends  of  the  fragments  are  im- 
movably united  by  firm  fibrous  bands  (Fig. 
91  c)  instead  of  by  bone,  a  pathological  syndes- 
mosis is  formed ;  but  when  the  union  of  the 
fragments  is  looser  and  more  or  less  movable  a 
false  joint  (Fig.  92)  or  pseudo-arthrosis  is 
the  result.  In  many  cases  the  pseudo-arthrosis 
consists  of  a  loose  ligamentous  mass  uniting 
the  fragments,  and  this,  by  a  gradual  change  of 
form  in  the  ends  of  the  bone,  may  form  a  new 
joint  or  nearthrosis.  In  such  cases  a  false 
head  (Fig.  92  d)  and  acetabulum  (e)  may  be 
produced,  the  opposed  surfaces  being  covered 
with  dense  connective  tissue,  or  in  rare  in- 
stances with  cartilage,  and  the  periphery  of  the 
surfaces  of  contact  being  invested  with  a  sort 
of  capsule  (/). 

Other  things  being  equal,  the  duration  of 
the  process  of  repair  in  a  given  fracture  depends 
upon  the  size  of  the  bone.  According  to  Guklt, 
the  average  time  required  for  the  healing  of  a 
broken  digital  phalanx  is  two  weeks  ;  of  a  rib, 
three  weeks  ;  of  a  forearm,  five  weeks  ;  of  an 
upper  arm,  six  weeks  ;  of  a  tibia,  seven  weeks ; 
of  a  femur,  ten  weeks  ;  and  of  the  neck  of  the 
femur,  twelve  weeks.  In  children,  the  process 
is  much  more  rapid.  In  children  under  two 
years  of  age,  the  majority  of  fractures  unite  in  from  two  to  three 
weeks.  Sometimes  in  otherwise  perfectly  sound  patients  the 
healing  is,  for  some  unknown  reason,  unduly  delayed. 

Pieces  are  sometimes  resected  from  the  shaft  of  a  bone  by 
surgical  operation,  or  the  articular  ends  of  two  bones  are  removed 
and  the  resected  ends  fitted  together ;  in  such  cases  the  result  may 
be  either  bony  union  or  the  formation  of  a  new  joint. 


Fig.  91.  Fracture 
of  the  fibula, 
repaired  by  syn- 
desmosis. 

(^Two-thirds   of  the 
natural  size) 

a  lower  fragment 
6  upper  fragment 
c    syndesmosis 
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Fig.  92.    Pseudo-arihedsis  after  tractuee  of  the  neck  of  the  femur. 

(Three-fifths  of  the  natural  size) 

a    shaft  of  the  femur  d    rounded  surface  of  fractured  neck  of  the  femur 

6    head  of  the  femur  e     smooth  concave  surface  of  fractured  head  of  the  femur 

c    acetahulum  /    fihrous  hands  forming  part  of  a  new  capsule 

46.  In  many  cases  the  production  of  new  bone  must  be 
regarded  as  a  purely  reparative  process,  as  for  example  after 
fracture  or  resection,  where  the  new  bone  firmly  reunites  the 
severed  portions.  In  other  cases  the  formation  of  new  osseous 
tissue  leads  to  hypertrophy  of  the  bone.  Of  this  nature  is  the 
proliferation  which  accompanies  inflammation  (Chaps,  xvi  and 
xvil).      In   growing   bones   hypertrophy   sometimes    makes   its 
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appearance  without  any  recognisable  cause  (Chap,  xviii).  In 
other  cases  the  increased  production  of  bone  is  referable  to  the 
presence  in  the  blood  of  certain  chemical  substances,  such  as 
phosphorus  and  arsenic.  New  bone  is  also  frequently  produced 
in  the  neighbourhood  of  tumours  of  the  marrow  or  periosteum, 
or  it  may  develope  in  the  mass  of  the  tumour  itself. 

When  by  long-continued  periosteal  and  endosteal  hyperplasia 
a  bone  increases  greatly  in  size,  the  condition  is  termed  hyper- 
ostosis.    The  term  osteosclerosis  is  applied  to  that  condition  in 


Fig.  93.    Resorption  and  apposition  of  bone. 
(From  the  neighhowrhood  of  a  metastatic  cancer-node  in  the  diaphysis  of  the  htimerus: 
preparation  hardened  in  MuUer's  fluid  and  alcohol,  decalcified  with  picric  acid, 
stained  with  haematoxylin,  and  mounted  in  Canada  balsam :  x  50) 
a    cortical  layer  of  the  humerus  d   osteoblasts 

6    normal  Haversian  canal  e    osteoclasts  and  Howship's  lacunae 

c    dilated  Haversian   canal  with  wide         /    cancer-nodes 

blood-vessels  g    stroma  of  the  cancer 

which  the  medullary  spaces  of  a  spongy  bone  are  encroached  upon 
by  the  deposition  of  osseous  tissue  upon  the  old  trabeculae,  or 
by  the  formation  of  new  ones,  so  that  the  cancellous  tissue  becomes 
close  and  dense  in  texture.  Circumscribed  osseous  deposits  in  the 
interior  of  a  bone  are  termed  enostoses ;  small  circumscribed  peri- 
osteal deposits  are  termed  osteophytes ;  larger  ones,  exostoses. 
The  latter  develope  at  the  point  of  insertion  of  tendons,  and  near 
the  attachment  of  cartilages.  When  exostoses  developed  from  the 
outer  layer  of  the  periosteum  are  not  firmly  united  to  the  bone, 
they  are  known  as  movable  exostoses.     Extensive  formations  of 
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osseous  tissue  on  the  exterior  of  a  bone  are  spoken  of  as  peri- 
ostoses.  All  these  formations  arise  chiefly  in  connexion  with 
inflammations;  but  they  may  be  produced  without  demonstrable 
cause.  Osseous  tissue  developed  from  a  cartilaginous  basis  is 
termed  chondroid  exostosis.  Some  exostoses  are  produced  with- 
out passing  through  a  cartilaginous  stage,  and  are  known  as 
fibroid  exostoses.  Very  frequently  the  processes  of  bone- 
resorption  and  bone-apposition  are  combined,  and  the  latter  may 
either  precede  or  follow  the  former. 

Thus  a  tumour,  developing  in  the  interior  of  a  bone  (Fig.  93 
f  g")  may  by  lacunar  resorption  occasion  the  disappearance  of  the 
adjoining  bony  substance;  while  apposition  of  bone  takes  place 
simultaneously  in  the  Haversian  canals  beyond,  and  in  the  perios- 
teum, either  by  the  deposition  of  osteoblasts  (di)  on  the  old  bone, 
or  by  the  formation  of  new  periosteal  trabeculae.     The  result  is 


Fig.  94.    Apparent  dilatation  of  the  radius. 

{From  a  child,  the  dilatation  arising  from  internal  resorption  and  external  apposition, 
accompanying  central  tuberculosis :  natural  size) 

that  as  the  tumour  grows  and  the  old  bone  entirely  disappears, 
although  the  growth  rises  above  the  former  surface,  it  neverthe- 
less remains  continually  covered  by  a  surrounding  crust  or  shell 
of  bony  tissue. 

In  a  similar  manner  the  destruction  of  a  long  bone  by  tuber- 
culous granulations  may  be  accompanied  by  the  deposition  of  new 
bone  on  the  external  surface.  If  this  new  layer  is  in  its  turn  de- 
stroyed, while  fresh  apposition  once  more  takes  place  on  the 
exterior,  the  bone  has  the  appearance  of  dilating,  and  at  the  same 
time  its  walls  become  thinner  (Fig.  94). 

In  a  bone  that  has  been  amputated  or  resected,  resorption  and 
apposition  always  occur  in  the  sawn  or  chiselled  portions;  and  when 
from  any  cause  new  osseous  tissue  has  been  formed  at  any  point, 
resorptive  processes  are  probably  always  set  up  in  it  at  a  subse- 
quent stage.  In  this  manner,  projecting  osteophytes  may  disap- 
pear, and  roughenings  of  the  bony  surfaces  may  become  smoothed 
out  again. 
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CHAPTER   XVII 
INFLAMMATIONS  OF  BONE 

47.  The  acute  haematogenous  inflammations  of  bone  con- 
stitute a  group  of  affections  that  are  most  commonly  produced 
by  pathogenic  micro-organisms,  though  other  noxious  agencies 
may  also  give  rise  to  them. 

Among  the  infective  diseases  by  which  the  inflammations  of 
bones  and  joints  may  be  induced,  the  following  are  the  most  note- 
worthy :  multiarticular  rheumatic  arthritis,  pyaemia,  scarlatina, 
measles,  typhoid  fever,  relapsing  fever,  dysentery,  small-pox, 
mumps,  gonorrhoea,  and  acute  infective  osteomyelitis  and  peri- 
ostitis. The  latter  disease,  which  originates  from  the  invasion 
of  pyogenic  micrococci,  owes  its  name  to  the  fact  that  the  asso- 
ciated inflammation  of  the  marrow  and  periosteum  forms  a  char- 
acteristic feature  of  the  disease.  In  acute  articular  rheumatism 
inflammation  of  the  joints  appears  as  an  essential  symptom,  and 
is  generally  accompanied  by  inflammation  of  the  endocardium 
and  of  various  serous  membranes.  In  scarlatina,  typhoid  fever, 
measles,  pyaemia,  and  gonorrhoea,  the  inflammations  of  bones 
and  joints  are  not  pathognomonic,  but  occur  as  more  or  less 
frequent  complications;  these  must  accordingly  be  regarded  as 
metastatic  in  their  nature,  inasmuch  as  they  are  due  to  infection 
conveyed  to  the  seat  of  inflammation  from  another  part  of  the 
body. 

In  gonorrhoea  the  joints  only  are  affected  by  metastatic  in- 
flammation; in  relapsing  fever  and  small-pox  we  may  have  osteo- 
myelitis; in  pyaemia,  scarlatina,  measles,  and  typhoid  fever,  both 
ostitis  and  arthritis  may  occur. 

The  signs  of  inflammation  are  primarily  manifested  in  the 
vascular  tissues  of  the  bones,  namely  the  periosteum  and  the  mar- 
row; and,  according  as  it  affects  chiefly  the  one  or  the  other 
tissue,  the  inflammation  is  described  as  periostitis  or  osteomye- 
litis. Inflammation  of  the  bone-marrow  or  of  the  cortical  stratum 
of  the  spongy  bones  is  often  termed  ostitis.  Slight  and  transient 
inflammations  leave  the  substance  of  the  bone  intact,  or  give  rise 
only  to  a  trifling  amount  of  resorption  and  apposition.  Severe 
inflammations  often  terminate  in  caries  and  necrosis  of  the 
osseous  tissue. 
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The  gravest  form  of  acute  inflammation  of  bone  is  acute 
infective  osteomyelitis  and  periostitis.  This  disease  makes  its 
appearance  most  frequently  in  young  persons,  and  is  an  infective 
disorder  accompanied  by  fever.  The  inflammation  is  intense  and 
of  a  purulent  or  septic  character;  it  is  usually  confined  to  one  of 
the  long  bones,  but  occasionally  attacks  more  than  one.  The 
femur  is  most  frequently  the  seat  of  the  disease,  then  the  tibia, 
less  often  the  long  bones  of  the  arm,  and  still  more  rarely  the 
short  and  flat  bones. 

The  disease  arises  either  spontaneously,  without  any  manifes- 
tation of  previous  infection,  or  in  association  with  typhoid  fever, 
measles,  or  scarlatina.  Whether  in  the  latter  case  it  is  to  be 
regarded  as  due  to  the  virus  of  the  initial  affection  or  to  a  second 
infection  of  a  specific  kind  cannot  as  yet  be  determined,  although 
the  latter  supposition  is  the  more  probable. 

Micrococci  are  constantly  found  in  true  infective  osteomyelitis. 
Staphylococcus  pyogenes  aureus  and  albus  being  the  forms  most 
frequently  detected  (Rosenbach,  Gaeee,  Keaske).  The  dis- 
ease thus  belongs  to  the  group  of  septic  pyaemias. 

The  process  may  originate  either  in  the  marrow  or  in  the 
periosteum,  and  it  is  characterised  by  inflammation  which  leads 
to  suppuration,  sometimes  to  putrid  decomposition  or  gangrene. 
The  infiltration  of  the  periosteum  is  sometimes  confined  to  that 
membrane  itself,  and  sometimes  involves  the  contiguous  loose 
connective  tissue.  When  recent  it  gives  rise  to  redness  and 
swelling  and  occasionally  to  haemorrhages;  in  later  stages  the 
infiltrated  tissues  assume  a  yellow  or  grey  tint.  The  marrow  is 
at  first  hyperaemic  and  at  times  shows  signs  of  haemorrhagic 
infiltration.  Later  on  suppurative  foci  of  a  dirty-yellow  or  grey 
colour  are  formed,  usually  in  the  diaphyses,  but  occasionally  in 
the  epiphyses  also.  In  severe  cases  the  entire  marrow  of  the  dia- 
physis  suppurates,  and  the  Haversian  canals  of  the  cortical  stratum 
may  become  filled  with  pus.  Large  quantities  of  pus  sometimes 
also  collect  between  the  periosteum  and  the  bone.  When  some 
of  the  inflammatory  foci  are  situated  near  a  joint,  this  too  may 
become  inflamed,  and  serous  and  purulent  effusions  are  poured 
out  into  its  cavity. 

The  disease  frequently  issues  in  hyperpyrexia  and  in  death. 
Metastatic  abscesses  sometimes  result  from  the  septic  inflamma- 
tion and  thrombosis  of  the  veins  of  the  bone-marrow.  Sub-peri- 
osteal  abscesses  may  rupture  externally. 

At  the  seat  of  the  purulent  or  septic  inflammation  there  is 
always  some  necrosis  of  the  bone  (Figs.  95  and  96),  but  cases 
occur  in  which  the  infection  produces  no  suppuration,  so  that 
speedy  recovery  by  re-absorption  of  the  inflammatory  exudation  is 
possible. 

In  the  graver  forms  the  course  of  the  disease  depends  primarily 
upon  the  size  and  number  of  the  necrotic  foci.     In  suppuration  of 
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the  entire  marrow  of  tlie  diaphysis, 
accompanied  by  a  total  separation  of 
the  periosteum,  the  wliole  of  the  shaft 
may  become  necrotic.  A  limited  sup- 
puration will  naturally  cause  but 
slight  necrosis  (Fig.  96  a).  Partial 
necroses  (Fig.  95  a)  lie  just  under 
the  periosteum  or  in  the  deeper  parts 
of  the  bone,  according  to  the  situation 
of  the  initial  suppuration.  Necroses 
are  distinguished  as  total  or  partial, 
central  or  superficial,  according  to 
their  size  and  situation. 


f^ 


'^ssta^ 


O/r 


Fig.  95.    Necrosis  of  the  lower  thikd  of  the  diaphysis  of  the  femur. 
{From  a  case  of  fifteen  years'  standing ;  preparation  preserved  in  spirit :  four-fifths  of 

the  natural  size) 
a    sequestrum  6  c    edges  of  the  opening  in  the  thickened  bone 

Fig.  96.    Necrosis  of  the  left  tibia  with  periosteal  bone-formation, 

following  acute  osteomyelitis. 

( Three-fifths  of  the  natural  size) 

a    sequestrum  6    periosteal  hone-formation  c    separated  epiphysis 
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Soon  after  the  commencement  of  suppuration,  granulations 
spring  up  at  the  margins  of  the  affected  region,  and  mark  it  off 
from  the  adjoining  tissue.  At  the  same  time  signs  of  prolifera- 
tion appear  in  the  marrow  and  in  the  periosteum,  indicated  chiefly 
by  the  formation  of  osteoplastic  germinal  tissue  and  of  multi- 
nuclear  osteoclasts.  With  the  appearance  of  the  latter  cells, 
active  resorption  begins  at  the  border  between  the  dead  and 
the  living  tissue,  and  this,  after  the  lapse  of  weeks,  leads  to  the 
[Separation  of  the  former  from  the  latter.  If  the  inflammation  of 
the  diaphysis  in  a  young  patient  reaches  the  epiphysial  cartilage 
(which  does  not  disappear  until  after  the  nineteenth  or  twentieth 
year),  separation  of  the  epiphysis  (Fig.  96  c)  results. 

The  separation  of  the  dead  from  the  living  tissue  having  been 
accomplished,  the  bone  encloses  a  suppurating  cavity  or  abscess 
containing  the  separated  fragment  of  bone,  which  is  known  as  the 
sequestrum  (a).  Generally  at  the  same  time  one  or  more  open- 
ings (Fig.  95  b  c)  in  the  bone  are  formed,  which  are  at  first 
covered  over  by  pus-secreting  granulations.  Round  about  the 
openings  masses  of  new  osseous  tissue  of  various  size  have  already 
been  formed,  producing  condensation  or  thickening  of  the  bone. 
When  the  entire  thickness  of  the  bone  has  perished,  the  new  bony 
tissue  can  arise  only,  except  at  the  ends,  from  the  periosteum. 
In  this  way  it  surrounds  the  sequestrum  on  all  sides  so  as  to 
encase  it  in  a  rigid  sheath  or  splint  (Fig.  96  J),  which  holds 
together  the  surviving  fragments.  In  partial  necrosis  new  bone 
is  formed  both  in  the  periosteum  and  in  the  interior  of  the  bone  ; 
in  the  latter  case  the  growth  originates  in  the  marrow.  As  a  rule 
new  bone  is  absent  only  at  the  opening  through  which  the  pus 
from  the  abscess-cavity  makes  its  exit. 

Small  sequestra  may  be  absorbed  in  the  course  of  a  few  weeks 
or  months  :  larger  sequestra  may  for  years  (Figs.  95  and  96)  keep 
up  a  condition  of  inflammation,  and  finally  have  to  be  removed  by 
operation.  Sometimes  they  can  be  extracted  through  openings 
by  which  pus  is  being  discharged ;  but  more  frequently  the 
encasing  splint  of  new  bone  has  first  to  be  chiselled  away.  After 
the  removal  of  the  sequestrum  the  wound  closes  by  granulation 
and  cicatrisation,  and  by  renewed  proliferation  of  the  periosteum 
and  marrow.  When  the  process  is  completed  the  bone  is  covered 
with  osteophytes  and  altered  to  an  irregular  shape,  while  its 
interior  is  partly  condensed  or  sclerotic,  partly  rarefied  or  osteo- 
porotic. By  gradual  apposition  and  resorption  the  bone  in  time 
returns  more  or  less  to  its  normal  condition ;  but  even  in  the  case 
of  partial  necrosis,  years  may  pass  before  the  cancellous  portion 
regains  its  normal  structure,  and  the  original  loss  of  substance  is 
entirely  made  good.  The  periosteal  thickenings,  and  the  other 
changes  in  the  spongy  and  in  the  cortical  strata,  are  rarely  if  ever 
entirely  effaced. 

The  metastatic  inflamm^ations  of  bone  which  occur  occasion- 
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ally  in  pyaemia,  typhoid  fever,  scarlatina,  and  measles  sometimes 
follow  a  clinical  course  similar  to  the  analogous  forms  of  infective 
osteomyelitis  and  periostitis.  Usually,  however,  they  give  rise 
only  to  small  foci  of  suppuration  and  abscesses ;  sometimes  indeed 
(as  in  small-pox)  the  inflammation  of  the  bone-marrow,  or  of  the 
periosteum,  may  be  so  slight  and  transient  as  to  leave  behind  no 
permanent  textural  alteration. 

If  any  of  the  larger  nutrient  arteries  are  occluded  by  emboli 
during  the  metastatic  inflammation,  the  process  may  be  combined 
with  anaemic  necirosis. 

In  recent  years  Olliek,  Schlange,  Eiedinger,  Roser,  and  others  (see 
ScHLANGE :  Some  rare  affections  of  bone  Arch.  f.  klin.  Chir.  xxxvi  1887; 
KiEDiNGER  :  Ganglion  periostale  or  Periostitis  albuminosa  Festschr.  fur  A.  von 
Kolliker  1887 ;  Rosek  :  Periostitis  albuminosa  CentralU.  f.  Chir.  1887)  have 
described  certain  mild  forms  of  inflammation  of  the  bones  characterised  by 
the  presence  of  accumulations  of  clear  ropy  albuminous  liquid,  resembling 
synovial  fluid,  under  the  names  of  periostitis  and  ostitis  albuminosa.  These 
attack  chiefly  the  larger  long  bones  of  young  persons  between  the  ages  of  15 
and  20,  and  are  unaccompanied  by  fever.  According  to  Garre  the  affection 
is  in  some  cases  only  a  slight  form  of  infective  osteomyelitis,  vehich  as  we  know 
does  not  always  take  a  severe  course,  and  does  not  invariably  lead  to  suppur- 
ation: it  sometimes  gives  rise  merely  to  transient  inflammatory  disturbance, 
followed  by  the  formation  of  new  bone. 

References  on   Osteomyelitis  and  Periostitis. 

AppELRATH  :    Infectiose  Osteomyelitis  1890 

Chiari  :  Variolous  osteomyelitis  Ziegler's  Beitrage  xrii  1893 

CoLzi :  Eiiologia  dell'  osteomielite  acuta  Florence  1890 

Dmochowski  and  Janowski:  Pyogenic  action  of  the  typhoid  bacillus  Zieg- 
ler's Beitrage  xvii  1895 

Fischer  and  Levt  :  Bacteria  in  osteomyelitis  and  periostitis  Z.  f.  Chir.  xxxvi 
1893 

Frohner  :  Acute  osteomyelitis  in  short  and  flat  bones  Beitrage  von  Bruns  v 
1889 

Gangolphe  :  Maladies  infectieuses  des  os  Paris  1893 

Garre  :  Rare  forms  of  acute  infective  osteomyelitis  Kochefs  Festschrift  Wies- 
baden 1891 ;  Special  forms  of  acute  infect,  osteomyel.  Beitrage  von  Bruns 
X  1893 

Haaga  :  Statistics  of  acute  spontaneous  osteomyelitis  Beitrdge  von  Bruns  v  1889 

IvANOFF  :  Subacute  osteomyelitis  in  adolescence  These  Paris  1885 

Jaboulay  :  The  microbe  of  acute  osteomyelitis  These  Lyons  1885 

Jordan  :  Acute  osteomyelitis  Beitrage  von  Bruns  x  1893 

Klebs  :  Pathol.  Anat.  d.  Schusswunden  Leipzig  1882 

Klemm:  Bone-affections  in  typhoid  A.f  klin.  Chir.  XLVi  1893 

Kocher  :  Causation  D.  Z.  f.  Chir.  xi  1878 

Kraske:  Aetiology  of  acute  osteomyelitis  A.f.  klin.  Chir.  xxxiv  1887 

Lannelongue  and  Achard:  Experimental  study  of  osteomyelitis  Annates 
de  I'lnst.  Pasteur  v  1891 

Legiehn  :  Periosteitis  u.  Osteitis  albuminosa  1890 

Ogston  :  Journ.  of  Anat.  xvii  1882 

Reynier  and  Legendre  ;  Aetiology  of  certain  forms  of  periostitis  etc.  A.  gen. 
de  me'd.  1885 

RosENBACH :  Mikroorganismen  bei  d.  Wundinfectionskrankh.  Wiesbaden  1884 

Struck  :  Microbes  D.  med.  Woch.  1883 
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Tubby  :  Acute  infective  ostitis  Guy'.s  Hasp.  Reports  xlvii  London  1890 

Ullmann  :  Osteomyelitis  acuta  Vienna  1893 

Vollert:   Albuminous  periostitis    (so-called)    Volkmann's    kl.    Vortraae   352 

1890  ^ 

WiTZEL :  KnochenentzUndungen  hei  acuten  infect.  Erkranhungen  Bonn  1890 

48.  When  a  bone  is  crushed,  torn,  broken,  or  injured  in  any 
■way  by  traumatic  violence,  haemorrhage  and  inflammation  are 
induced  (Art.  45).  These  conditions  rapidly  pass  away,  and  the 
injury  is  repaired  by  regenerative  growth  of  the  periosteum  and 
marrow. 

If  the  traumatic  injury,  such  as  a  fracture,  is  accompanied 
by  simultaneous  perforation  of  the  skin  (compound  fracture), 
whereby  a  communication  is  established  between  the  external  air 
and  the  bone,  and  contamination  of  the  wound  by  pathogenic 
micro-organisms  takes  place,  an  intense  inflammation  is  set  up  that 
completely  perverts  the  process  of  repair. 

In  favourable  cases  pus-secreting  granulations  are  formed  in 
the  wound :  these  cover  over  the  exposed  bone,  and  force  them- 
selves in  between  the  fragments.  After  a  time  new  bone  is 
formed  in  the  periosteal  granulations,  and  repair  may  be  com- 
pleted without  necrosis.  More  frequently,  however,  the  infection 
leads  to  suppuration,  and  wherever  considerable  accumulations 
of  pus  take  place  the  tissues  perish  and  the  bone  over  a  greater 
or  smaller  area  becomes  necrotic. 

In  certain  cases  a  large  part  of  the  marrow  of  the  fractured 
bone  becomes  the  seat  of  suppuration,  and  the  periosteum  also  is 
destroyed  to  a  greater  or  less  extent.  The  suppuration  may 
extend  from  the  bone  to  the  nearest  joint,  to  the  intermuscular 
connective  tissue,  and  so  on.  These  complications  render  the 
course  of  the  affection  similar  to  that  of  haematogenous  purulent 
periostitis  and  osteomyelitis  (Art.  47),  and  tend  to  produce 
sequestra  which  can  be  loosened  and  extruded  from  the  body 
only  by  long-continued  processes  of  resorption.  The  formation 
of  callus  is  for  the  most  part  limited  to  the  periosteum  surround- 
ing the  necrotic  fragments. 

Such  a  course  of  events  is  specially  characteristic  of  gunshot 
injuries,  of  which  an  open  wound  and  extreme  comminution  of 
the  bone  are  the  usual  concomitants.  It  may  also  however  take 
place  in  amputation-stumps,  when  the  operation-wound  becomes 
septic  and  inflamed  from  the  invasion  of  bacteria. 

Not  infrequently  the  irritant  causing  the  inflammation  pene- 
trates from  the  exterior  into  the  periosteum  and  the  bone,  without 
antecedent  traumatism.  This  generally  happens  when  the  tissues 
contiguous  to  the  bone  are  the  seat  of  inflammation.  But  the 
irritant  sometimes  reaches  the  bone  without  previously  exciting 
inflammation  in  the  immediately  adjacent  structures.  Thus  sup- 
purating ulcers  of  the  scalp  or  of  the  nasal  mucous  membrane, 
purulent  inflammations  of  the  pelvic  connective  tissue,  and  the 
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like,  may  extend  to  the  periosteum  and  marrow  of  the  contiguous 
bones,  and  there  set  up  suppuration,  caries,  and  necrosis.  Peri- 
osteal inflammation  is  apt  to  be  set  up  in  a  finger  the  skin  of  which 
has  been  injured  and  infected,  as  in  panaritium  or  ^vhitlovr. 

49.  Chronic  inflammations  of  bone,  apart  from  the  tuber- 
culous, syphilitic,  and  actinomycotic  forms,  are  chiefly  the  result 
of  acute  inflammations  which  have  induced  conditions  that  give 
rise  to  long-continued  irritation.  This  is  the  case  with  all  haema- 
togenous,  traumatic,  and  metastatic  inflammations  that  issue  in 
necrosis.  The  changes  accompanying  chronic  inflammation  of 
the  periosteum  and  bone-marrow  may  thus  be  inferred  from 
what  has  already  been  described.    Pus-secreting  granulations  are 


Fig.  97.    Phosphorus-necrosis  of  the  lower  jaw. 

(The  neerotic  jaw-bone  is  enclosed  in  a  sheath  of  new  bone:  after  von  Schulthess- 

Rechberg) 

formed  at  the  seat  of  necrosis,  and  these  surround  and  enclose 
the  central  or  peripheral  sequestrum.  From  the  cavities  thus 
formed  (so-called  cloacae),  fistulous  tracks  or  sinuses  lined  with 
granulations  pass  outward,  and  permit  the  pus  to  escape.  The 
processes  of  resorption  and  apposition  alternate  in  the  rest  of  the 
bone,  and  lead  partly  to  osteoporosis,  partly  to  hyperostosis. 

Phosphorus-necrosis  deserves  separate  mention.  This  affec- 
tion makes  its  appearance  among  the  workers  in  match-factories, 
and  almost  always  attacks  the  jaw-bones  (Fig.  97),  very  rarely 
affecting  the  other  bones  of  the  face.  It  is  caused  by  the  absorp- 
tion of  yellow  phosphorus,  which  obtains  access  to  the  bone  from 
the  mouth.     An  essential  preliminary  factor  in  the  aetiology  of 
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this  local  destructive  action  on  the  jaw  is  the  presence  of  some 
wound  or  sore  of  the  gum,  or  the  loss  of  a  tooth,  whereby  the 
saliva,  carrying  with  it  the  chemical 
poison  and  certain  pathogenic  micro- 
organisms, gains  access  to  the  deeper 
structures  (Kochee). 

A  slight  inflammation  of  the  perios- 
teum is  usually  the  first  manifestation, 
and  thereupon  the  periosteum  and  the 
marrow  proliferate  and  produce  new 
bone,  the  maxilla  thus  becoming  thick- 
ened and  sclerotic.  Later  on  suppura- 
tion takes  place  in  the  periosteum  and 
occasionally  in  the  marrow,  leading  to 
necrosis  of  larger  or  smaller  portions  of 
thei  bone  ;  and  these  after  a  time  exfo- 
liate. In  some  cases  the  entire  inferior 
maxilla  perishes.  If  the  patient  con- 
tinues to  be  exposed  to  the  vapours  of 
phosphorus,  the  crust  of  new  bone  en- 
closing the  dead  portion  may  itself  be- 
come necrotic. 

Occasionally  the  periostitis  is  acute 
from  the  outset,  and  leads  directly  to 
suppuration  and  necrosis,  without  the 
formation  of  new  osseous  deposits. 

Chronic  inflammation  of  bone  also 
results  from  the  like  inflammation  in 
the  immediately  adjacent  tissues,  as  for 
instance  from  cutaneous  ulcers  (Fig.  98) 
or  hyperplastic  inflammations  resulting 
in  elephantiasis.  The  inflammatory  pro- 
cess in  these  cases  leads  to  cicatricial 
thickening  of  the  periosteum,  beneath 
which  the  bone  is  sometimes  eroded, 
sometimes  beset  with  osteophytes  and 
diffuse  hyperostoses.  Now  and  again 
these  overgrowths  reach  a  very  consid- 
erable size  (Fig.  98). 


Fig.  98.    Periosteal  hyperos- 
tosis OF  THE  tibia. 
(At  the  base  of  a  chronic  ulcer 

of  the  leg :  two-thirds  of  the 

natural  size) 


References  on  Phosphorus-necrosis. 
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VON  Schulthess-Rechbekg  :  Phosphorus-necrogis  Inaug.  Diss.  Zurich  1879 
Tkblat  :  La  necrose  cause'e  par  le  phosphore  Paris  1857 
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50.  Of  chronic  inflammations  whose  course  throughout  is 
slow  and  insidious,  there  are  (apart  from  those  associated  with 
gout)  two  A^arieties.  The  one  is  termed  hypertrophic  ostitis, 
or  ostitis  hypertrophicans,  the  other  is  ostitis  deformans. 
The  aetiology  of  both  these  groups  of  affections  is  still  altogether 
obscure. 

Typical  ostitis  hypertrophicans  is  a  feature  of  the  peculiar 
maladies   which   have   lately   been    described   under    the    names 


Fig.  99. 


Skeleton  of  a  hand  with  hyperostosis  of  the  bones. 
{From  a  case  of  acromegaly :  after  Aknold) 


acromegaly  (Maetb),  pachyacria  (von  Recklinghausen), 
and  pulmonary  hypertrophic  osteoarthropathy  or  ostSoarthropathiei 
hypertropMante  d'origine  pneumique  (Mabie).  It  gives  rise"  in 
early  and  in  adult  life  to  changes  which  result  in  the  enlarge- 
ment of  the  distal  portions  of  the  bones  of  the  extremities  and  of 
the  face,  and  are  often  combined  with  deformities  of  the  verte- 
bral column.  The  anatomical  researches  of  Arnold,  Marie, 
Thomson,  and  others,  have  shown  that  the  increased  size  of  the 
parts  is  chiefly  due  to  hyperostosis  (Fig.  99),  periosteal  osteo- 
phytes being  deposited  on  the  bone,  in  the  shape  of  tuberous  and 
pointed  excrescences  which  alter  the  form  of  its  surface.  Their 
development,  due  to  some  chronic  irritation  of  the  periosteum, 
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and  perhaps  of  the  marrow,  is  not  confined  to  the  terminal  por- 
tions of  the  limbs,  but  may  extend  over  the  greater  part  of  the 
skeleton,  and  give  rise,  for  example,  to  numerous  osteophytic  pro- 
tuberances on  the  femur  and  the  pelvic  bones.  In  acromegaly 
the  pituitary  body  is  said  to  be  always  enlarged  (Art.  129),  and 
in  certain  cases  hypertrophic  osteoarthropathy  seems  to  be  asso- 
ciated with  chronic  pulmonary  affections,  probably  of  a  tubercu- 
lous nature. 

Ostitis  deformans  is  a  disease  of  the  osseous  system  peculiar 
to  old  age,  and  is  characterised  chiefly  by  the   combination  it 


Fig.  100.  Ostitis  deformans  of  the  head  and  neck  of  the  femur. 

{Four-fifths  of  the  natural  size) 

a    external  view  6    section 

presents  of  wide-spread  resorption  and  apposition  of  bone.  The 
process  may  be  limited  to  particular  bones  or  groups  of  bones, 
such  as  the  femur  (Fig.  100  a  J),  the  bones  of  the  cranium,  or 
the  spine  (Fig.  101) ;  or  a  large  portion  of  the  skeleton  may  be 
implicated. 

Resorption  of  bone-substance  takes  place  both  in  the  cancellous 
and  in  the  cortical  regions;  in  the  latter  case  it  produces  osteopo- 
rosis, which  may  markedly  diminish  the  strength  of  the  bone. 
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The  osseous  trabeculae  may  entirely  disappear  from  the  cancellous 
bone,  and  be  replaced  by  fatty  or  gelatinous  or  even  fibroUs  tissue 
containing  few  cells  (osteomyelitis  fibrosa),  in  which  cysts  are  some- 
times formed  by  liquefaction. 


Fig.  101.    Spondylitis  deformans. 
(One-half  the  natural  size) 
body  of  a  lumbar  vertebra  the  thickness      6    romided  protuberances  uniting  the  bod- 


of  which  is  marlcedly  diminished  in 
front 


ies  of  adjacent  vertebrae 
body  of  a  thoracic  vertebra  which  has 
collapsed 


The  apposition  of  new  bone  starts  from  the  marrow  or  from  the 
periosteum.  In  the  former  case  the  spongy  parts  become  denser, 
and  the  medullary  spaces  are  partially  filled  up  with  new  bone  ;  in 
the  latter  the  bone  itself  is  often  greatly  thickened  (Fig.  100  a  b 
and  Fig.  101  6),  its  increase  in  bulk,  particularly  in  the  case  of  the 
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skull,  being  quite  apparent  in  the  living  patient.  This  combina- 
tion of  resorption  and  apposition  always  leads  to  the  more  or  less 
complete  destruction  of  the  characteristic  architecture  of  the  bones 
(Fig.  100  J).  In  the  thickened  skull  for  example  the  distinction 
between  the  inner  and  outer  tables  and  the  diploe  may  be  entirely 
lost. 

In  cases  of  ostitis  deformans,  when  the  bone  is  weakened  by 
excessive  resorption  it  may  give  way  by  bending  or  even  by 
abrupt  angular  flexure ;  the  long  bones  are  especially  subject  to 
this  kind  of  deformation.  Thus  the  humerus  or  the  tibia  may  be 
bent  into  a  curve,  or  the  neck  of  the  femur  may  be  displaced 
on  the  shaft,  and  be  forced  into  a  more  horizontal  position  by  the 
weight  of  the  body. 

"When  the  cancellous  tissue  becomes  excessively  weak  it  may 
collapse  entirely.  This  occurs  chiefly  in  the  vertebral  column 
(Fig.  101  a  c),  where  particular  vertebrae  sometimes  become 
wedge-shaped  by  the  sinking  in  of  the  fore-part  of  their  bodies, 
and  the  spine  accordingly  becomes  curved,  generally  in  the 
anterior  direction  (kyphosis). 

Certain  cases  of  ostitis  deformans  are  from  a  histological  point 
of  view  comparable  with  arthritis  deformans ;  the  main  difference 
lying  merely  in  the  special  seats  affected  by  the  processes  of  re- 
sorption and  apposition  (Art.  73).  Other  cases  are  more  nearly 
allied  to  osteomalacia,  particularly  those  in  which  bulging  or 
bending  of  the  bones  is  associated  with  pathological  formations  of 
new  osseous  tissue  (Art.  43,  Fig.  80).  jj 

% 
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51.  Tuberculosis,  the  most  common  of  chronic  bone-diseases, 
may  start  in  the  marrow,  in  the  periosteum,  or  in  any  joint  or 
synarthrosis. 

It  occurs  most  frequently  in  young  persons,  although  it  some- 
times makes  its  first  appearance  in  advanced  age.  In  the  majority 
of  cases  the  infection  comes  to  the  bones  by  way  of  the  blood ; 


Fig.  102.    Fungous  granulations  with  tubercles  from  the  spongy  tissue  of 

the  calcaneum. 

(Preparation  hardened  in  Miiller's  fluid  and  alcohol,  decalcified  with  picric  acid,  stained 
with  haematoxylin,  and  mounted  in  Canada  balsam :  x  BO) 


a  fatty  marrow 

6  blood-vessel 

c  bony  trabeculae 

d  osteoclasts 


e    granulation-tissue 

/    tubercle  within  the  granulation-tissue 

g    isolated  tubercles 


but  cases  are  also  conceivable  in  which  the  bacilli  may  enter 
through  the  lymphatics  of  the  bone,  or  pass  into  it  from  con- 
tiguous foci  of  tuberculous  disease. 

The  tuberculous  process  begins  by  the  formation  at  one  spot 
of  grey  or  greyish-red  granulations,  or  at  times  perhaps  by  the 
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simultaneous  production  of  a  number  of  such  eruptions.  The 
granulomatous  foci  are  characterised  anatomically  by  the  presence 
in  them  of  grey  and  yellow  tubercles  (Fig.  102/).  If  the  primary 
seat  of  the  tuberculous  process  is  in  the  interior  of  a  bone,  such  as 
a  vertebra  or  a  tarsal  bone,  or  in  the  diaphysis  or  epiphysis  of  one 
of  the  long  bones,  and  if  it  lies  deeply  and  remote  from  the 
articular  ends,  the  changes  it  occasions  may  go  on  for  a  time 
"without  involving  periosteum  or  joint. 

Lacunar  resorption  of  the  bone  always  occurs  at  the  seat  of  the 
tuberculous  granulations  (Fig.  102  c?),  while  these  sooner  or  later 
undergo  caseous  degeneration  in  the  central  portion  of  the  affected 
spot.  If  the  trabeculae  are  not  already  destroyed,  they  become 
necrotic  within  the  zone  of  caseation. 

A  tuberculous  focus  once  started  increases  by  peripheral  exten- 
sion, and  by  the  appearance  of  new  foci  in  the  immediately  adjoin- 
ing tissue.  The  more  rapidly  this  proceeds,  the  sooner  do  large 
caseous  nodes  develope,  which  contain  a  considerable  number  of 
necrotic  trabeculae.  If  on  the  other  hand  the  process  advances 
but  slowly,  the  osseous  trabeculae  within  the  granulomatous 
region  may  be  entirely  absorbed. 

When  the  process  has  reached  a  certain  point,  rounded  or 
oblong  caseous  nodes  are  seen  in  the  substance  of  the  bone,  each 
surrounded  by  a  grey  or  greyish-red  marginal  zone  of  granulation- 
tissue.  The  nodes  are  of  various  sizes,  from  that  of  a  pea  to  that 
of  a  hazel-nut,  and  contain  carious  or  necrotic  trabeculae,  or  larger, 
usually  oblong  and  splinter-like,  fragments  of  dead  bone,  which  are 
permeated  by  caseous  granulation-tissue,  and  are  marked  off  from 
their  surroundings  by  a  zone  of  greyish  tuberculous  granulations. 
In  still  later  stages  the  foci  of  the  first  kind  are  often  softened  and 
liquefied,  and  the  enclosed  osseous  trabeculae  for  the  most  part  de- 
stroyed. Thus  a  cavity  or  cavernous  excavation  is  formed  (Fig. 
103  h.  Fig.  104  a,  and  Fig.  105  a),  which  is  surrounded  by  granu- 
lations and  contains  caseous  pus  and  osseous  detritus.  In  the  case 
of  the  larger  foci  the  necrotic  fragment  of  bone  becomes  a  more  or 
less  completely  loosened  sequestrum  (Fig.  103  /),  immersed  in 
caseous  and  purulent  matter,  and  lying  in  a  cavity  or  cloaca  which 
is  closed  in  by  granulation- tissue  (e). 

Such  foci  are  usually  developed  singly  or  at  any  rate  only  in 
small  numbers.  It  is  but  rarely  that  any  considerable  number  of 
them  form  in  rapid  succession  or  simultaneously.  When  this  does 
occur  in  the  long  bones,  the  tuberculous  foci  may  extend  over  the 
greater  portion  of  the  medullary  cavity.  In  this  case  the  parts 
affected  by  the  specific  inflammation  very  rapidly  undergo  caseous 
degeneration,  so  that  no  true  granulomatous  deposits  are  produced. 

The  size  of  the  tuberculous  foci  in  particular  cases  and  the 
course  the  disease  takes  depend  upon  conditions  for  which  our 
present  knowledge  is  insufficient  to  account.  The  smallest  foci 
are  doubtless  capable  of  repair,  the  necrotic  masses  being  then 
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liquefied,  re-absorbed,  and  replaced  by  new  connective  tissue  or  by 
marrow  and  bony  tissue.  Larger  foci  make  perceptible  pauses  in 
their  progress,  and  their  cavernous  excavations  (Fig.  103  K)  are 
walled  off  from  the  rest  of  the  marrow  by  a  mass  composed  of 
dense  connective  tissue  (d?)  and  granulation-tissue  containing 
trabeculae  (e). 

When  a  bone  contains  a  tuberculous  focus  the  surrounding 


Fig   103     Central  tuberculosis  of  bone  in  an  advanced  stage. 
mine,  and  mounted  in  Canada  balsam  :  x  i) 


a    periosteum 

6    rarefied  cortical  layer 

c    periosteal  osseous  deposit 

d    fibrous  tissue  on  the  inner  surlace  ot 

the  cortical  layer 
e    tuberculous  granulation-tissue 


/  sequestrum  permeated  by  granulatiou- 
tissue,  with  scanty  trabeculae 

n  connecting  process  between  the  margi- 
nal granulations  and  the  sequestrum 

h  cavity  formerly  filled  with  pus  and 
caseous  matter 


portions  of  it  are  never  entirely  free  from  W°^'^^''^^jl?^^f^l^ 
Large  foci  of  long  standing  sometimes  extend  o^^?"  ^°^^f  ^'jj^ 
areas  of  the  bone?  and  induce  wide-spread  resorption  and  appo 
sition  of  bony  tissue.  Should  progressive  ^^5«^Pf°;  ^^^^^^^^^^^^^ 
in  the  interior,  while  new  bone  is  being  formed  by  t^e  periosteum, 
a  condition  is  produced  which  has  been  already  described  m  Art. 
46  (Fig   49)      This  condition  was  formerly  termed  spina  ventosa, 
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and  in  it  the  entire  bone  increases  in  girth,  while  the  medullary 
cavity  simultaneously  widens.  If  the  internal  resorptioa  is  but 
slight  (Fig.  104  a),  and  is  accompanied  by  external  apposition, 
the  bone  thickens  and  increases  in  size  by  the  formation  of  numer- 
ous lamellae  (J)  which  are  bound  together  by  transverse  bars. 
The  former  condition  is  usually  met  with  in  the  smaller  of  the 
long  bones,  the  latter  in  the  larger  bones,  as  in  these  the  tubercu- 
lous process  is  generally  confined  to  a  circumscribed  region. 

In  the  larger  bones  osteoplastic  processes  are  generally  set  up 
also  in  the  marrow  near  the  tuberculous  foci,  and  in  certain  cases 
these  produce  condensation  and  sclerosis  of  the  affected  bony 
tissue  (Fig.  105  c). 

The  periosteum  may  be  infected  primarily,  or  by  extension 
from  the  bone,  or  from  a  neighbouring  joint  or  synarthrosis.  The 
course  of  the  tuberculous  periostitis  thus  induced  varies  accord- 
ing as  the  process  remains  merely  local  or  extends  over  large 


'A 

Fig.  104.    Peeiosteal  deposition  of  bone  in  chronic  myelogenous  tuberculosis. 
{From  the  lower  end  of  the  right  humerus  of  a  child :  natural  size) 
a  tuberculous  cavity  b  lamellar  and  cancellous  deposits 

areas  of  the  bone-surface.  In  the  first  case  more  or  less  sharply 
defined  granulomatous  foci  containing  tubercles  are  formed,  and 
in  the  neighbourhood  of  these  the  bone  undergoes  resorption. 
The  result  is  known  as  peripheral  caries  (Fig.  106  d  e").  If  the 
periostitis  is  consecutive  to  primary  disease  of  the  bone  or  joint,  in 
addition  to  the  peripheral  caries  there  are  corresponding  changes 
in  the  interior  of  the  bone,  and  the  periosteal  disease  is  often  con- 
tinuous with  the  deeper  tuberculous  focus. 

Sooner  or  later  the  periosteal  tuberculous  areas,  if  they  do  not 
recover,  become  caseous  and  then  soften.  In  this  way,  as  in  the 
marrow,  are  formed  caseous  nodes  surrounded  by  a  zone  of  gran- 
ulations and  indurated  connective  tissue,  or  large  sacculated  cold 
abscesses  (Fig.  106  /)  bounded  by  a  pyogenic  membrane  of 
connective  tissue  and  granulation-tissue  containing  tubercles. 
The  contents  of  these  abscesses  undergo  steady  increase  by  the 
secretion  of  pus  from  this  membrane,  and  by  the  loosening  and 
separation  of  caseous  masses  from  their  walls. 

From  its  original  site  the  abscess  may  extend  into  contiguous 
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parts,  and  so  form  secondary  or  consecutive  abscesses.  In  other 
eases  it  ruptures  early  either  outwards  to  the  surface  of  the  body 
or  into  some  internal  part,  and  so 
forms  fistulous  tracks  or  sinuses, 
about  which  the  tissues  become  indu- 
rated and  covered  with  tuberculous 
granulations.  Sometimes  these  granu- 
lations grow  so  luxuriantly  that  they 
rise  like  a  mushroom  over  the  external 
orifice  of  the  sinus.  While  the  caries 
accompanying  the  tuberculous  perios- 
titis is  gradually  extending,  prolif- 
eration of  the  periosteum  takes  place 
in  the  adjoining  parts,  and  often  leads 
to  the  formation  of  a  considerable 
amount  of  new  bone.  Cases  however 
occur  in  which  regenerative  prolifera- 
tion is  very  slight,  or  all  but  entirely 
absent.  This  is  especially  apt  to  hap- 
pen in  the  case  of  the  cranial  bones. 

In  some  instances  atrophic  resorp- 
tion of  the  bone  follows  rapidly  on  the 
infection  of  the  periosteum,  and  may 
be  very  extensive.  The  resorption 
may  be  followed  in  its  turn  by  the 
formation  of  new  bone  from  the  peri- 
osteum. 

The  loss  of  substance  in  the  cor- 
tical stratum  of  the  larger  long  bones, 
the  femur  for  instance,  may  go  so  far 
that  the  bone  is  reduced  to  the  thick- 
ness  of   paper   (Fig.   107  «), 
and  is  composed  of  only  a  single 
layer   of   Haversian   lamellae. 
Should  new  bone  be  again  pro- 
duced,   the    surface    becomes 
studded  with  osteophytes  (b), 
and   these    ultimately  form  a 
continuous    layer    of    highly- 
vascular    cancellous   bone   (c) 
which  is   covered  over  exter- 
nally by  the  fibrous  layer  of 
the  periosteum  (cZ). 

Tubercles  may  appear  in  the 
osseous  system  in  general  mili- 
ary tuberculosis ;  but  nothing 
very  definite  is  known  as  to  their 
frequency  and  extension. 


Fig.  105.    O&teosclbkosis  of  the  femue 
resulting  from  chronic  tuberculosis. 

{Longitudinal  section  of  the  lower  half  of  the 
femur :  six-sevenths  of  the  natural  size) 

a  tuberculous  abscess 
6  spongy  bone 
c  sclerotic  bone 


d  exostosis 
e  articular    cartilage 
with  an  erosion  at/ 
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The  changes  occasioned  by  tuberculosis  in  the  bones  and  joints  are  treated 
of  in  text-books  of  surgery  and  morbid  anatomy  under  various  names.  Among 
them  may  be  mentioned  the  following  —  malacic  or  fungous  caries  (caries  mollis 
or  fungosa),  scrofulous  cai'ies,  tuberculous  caries,  bone-necrosis,  bone-abscess, 
fungous  arthritis,  synovitis  hyperplastica  granulosa,  fungus  articuli,  scrofulous 
arthritis,  articular  caries,  arthrocace,  white  swelling  (tumor  alhus),  caries  sicca, 
cold  articular  abscess,  etc. 


Fig.  106.    TuEERCtiLosis  of  thk  spinal  column. 
{One-half  the  natural  size) 


a    vertebral  column 
6    aorta  c    ribs 

d    vertebral    body   almost    entirely   de- 
stroyed by  caries 


e    superficial  erosions  in  several  vertebral 

bodies 
/    abscess-wall 


References  on  Tuberculosis  of  Bone. 

Cheyne,  W.  :  B.  M.  J.  ii  1890 ;  Tuberculous  disease  London  1895 

Fribdlander  :   Volhmann's  klin.  Vortrage  64  1873 

KiENBR  and  Poulet:  Tuberculous  osteoperiostitis  A.  de  physiol.  1 1883 

KiiNiG :  Die  Tuberculose  der  Knoclien  u.  Gelenke  Berlin  1884 

Krause  :  Die  Tuberculose  der  Knochen  u.  Gelenke  Leipzig  1891 

Lannelongue  :  Tuberculose  vertebrate  Paris  1888 

Meinel  :  Die  Knochentuberkeln  Erlangen  1842 

MbGLiNG  ;  Surgical  tuberculosis  Mittheit.  chir.  Klinik  Tubingen  1884 


ART.   52] 


TUBBKCULOUS   ARTHRITIS 


189 


NfeLATON :  L'affection  tuberculeuse  des  os  Paris  1837 
ViRCHOW  :  Krankhafte  GeschwiUste  ii  1865 

Volkmann:  A.f.  klin.  Chir.  iv,  Pitha  and  BiUroth's  Handh.  der  CUrurqie  ii 
Erlangen  1872,  and  Volkmann's  klin.  Vortrage  168-169  1879 


Fig.  107.    Fokmation  of  osteophytes  upon  the  atrophied  cortical  layer  of 

the  femur  in  chronic  tuberculous  arthritis. 
( Transverse  section  through  the  diaphysis  of  the  femur  of  a  child  aged  four :  prepara- 
tion hardened  in  Mailer's  fluid,  decalcified  with  picric  acid,  stained  with  haema- 
toxylin  and  carmine,  and  mounted  in  Canada  balsam  :  x  50) 
a    atrophied  cortical  layer  b    osteophytes 

c    medullary  spaces  with  numerous  blood-vessels  between  the  osteophytes 
d    periosteum  e    layer  of  osteoblasts  /    groups  of  cells  in  the  outer  layer 

g    tubercles  in  the  inner  layer  of  the  periosteum 


52.  Tuberculosis  of  the  larger  long  bones  most  usually 
developes  in  their  cancellous  ends  (Fig.  104),  the  shafts  being 
less  frequently  diseased  (Figs.  103  and  105).  When  the  tuber- 
culous disease  affects  the  periosteum,  it  is  also  as  a  rule  most 
marked  in  or  about  the  articular  extremities.  In  the  smaller 
long  bones  the  whole  of  the  marrow  and  periosteum  are  often 
diseased  (spma  ventosa),  and  in  the  short  spongy  bones  the  osteo- 
myelitic  process  very  commonly  involves  the  adjacent  periosteum. 
Thus  the  foci  of  the  osteomyelitis  and  periostitis  are  generally 
found  to  extend  to  the  neighbouring  joints,  and  there  produce  a 
tuberculous  arthritis  (Art.  76).  This  is  brought  about  by  the 
direct  extension  of  sub-cartilaginous  nodes  in  the  bone,  or  of  peri- 
osteal foci  near  the  joint-capsule,  through  the  intervening  tissues 
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into  the  joint ;  or  indirectly  by  the  transport  of  tubercle-bacilli 
from  these  foci  into  the  joint  by  way  of  the  lymphatics. 

In  tuberculosis  of  the  carpus  and  of  the  tarsus  several  bones 
and  joints  are  usually  involved  simultaneously.  Entire  bones 
may  be  destroyed  by  caries  and  necrosis,  so  that  in  their  place 
nothing  but  masses  of  granulomatous  tissue  are  found,  which 
enclose  only  small  carious  sequestra.  In  a  similar  manner  entire 
phalanges  of  the  fingers  or  of  the  toes  are  destroyed. 


Fig.  108.    Angular  flexure  of  the  vertebkal  column  from  the  destruction 
of  the  first  lumbar  vertebra. 


( Two-thirds  of  the  natural  size) 


lumbar  vertebrae 

thoracic  vertebrae 

second  lumbar  vertebra 

osseous  lamellae  partly  formed  by 
the  remains  of  the  arches  and  pro- 
cesses of  the  first  lumbar  vertebra 


and  partly  due  to  new  bone-forma- 
tion 
e    twelfth  thoracic  vertebra 
/    deformed  arches  of    the    eleventh 
and  twelfth  thoracic  vertebrae 


In  the  vertebral  column  the  process  is  occasionally  limited  to 
one  or  more  parts  of  a  single  vertebra,  thus  producing  merely 
superficial  caries  or  deep  but  circumscribed  excavations.  Fre- 
quently, however,  it  leads  to  greater  destruction  of  the  bodies  and 
arches  of  the  vertebrae  (Figs.  108  and  109),  and  of  the  inter- 
vertebral discs  (Fig.  108)  ;  in  certain  cases,  the  entire  body  or 
arch   of   one  or  more  vertebrae   may  be  destroyed  (Fig.  109). 
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When  the  spinal  column  is  thus  weakened  and  unable  to  support 
the  weight  of  the  upper  part  of  the  body,  it  is  apt  to  collapse  at 
the  damaged  place  and  to  bend  forward  at  an  angle  (Pott's 
disease). 

If  the  remains  of  the  carious  bodies  of  the  vertebrae  project 
backwards,  or  are  forcibly  displaced  in  any  direction,  the  spinal 
cord  may  be  compressed  and  degenerative  processes  set  up  within 
it.  In  tuberculous  caries  of  the  bodies  of  the  vertebrae,  ab- 
scesses (Fig.  106/)  form  by  accumulation  of  purulent  matter  in 


Fig  109     Angular  flexitke  of  the  spine  with  bony  ankylosis  op  the  bodies 

OF  THE  VMI  THOKACIO   VEBTEBEAE  AFTER  PARTIAL  DESTRUCTION    BY  TUBER- 
CULOUS  DISEASE.  r     ■     \ 

{Seduced  to  three-fifths  of  the  natural  size) 


a    third  thoracic  vertebra 
6    fourth  lumbar  Tertebra 


c  bony  mass  formed  by  the  fusion  of  the 
bodies  of  the  vii-xn  thoracic  vertebrae 
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front  of  the  spinal  column,  and  these  are  apt  to  burrow  and  extend 
downward.  In  disease  of  the  lower  portion  of  the  vertebral  col- 
umn abscesses  thus  formed  often  burrow  along  the  ilio-psoas 
muscle  to  the  crest  of  the  pubic  bone,  and  finally  point  below 
Poupart's  ligament. 

Tuberculosis  of  the  pelvic  bones  leads  to  more  wide-spread 
caries,  with  the  formation  of  '  cold '  abscesses.  The  symphysis 
pubis  and  the  sacro-iliac  synchondrosis  may  thus  be  destroyed. 

In  tuberculosis  of  the  flat  cranial  bones,  caseous  masses  are 
formed  in  the  bone-marrow  as  well  as  beneath  the  periosteum  : 
these  cause  necrosis  of  the  bone  and  give  to  it  a  yellowish-white 
appearance,  while  the  periosteum  itself  is  stripped  off  by  the  ac- 
cumulation beneath  it  of  caseous  pus,  and  is  at  the  same  time 
studded  with  caseous  nodules. 

Tuberculous  caries  of  the  atlas,  the  axis,  and  the  base  of  the 
skull,  sometimes  causes  loosening  of  the  connexions  between 
the  spinal  column  and  the  skull,  with  consequent  dislocation  of  the 
latter,  and  compression  of  the  medulla  oblongata  by  the  odontoid 
process. 

Isolated  tuberculous  foci  in  the  bones  are  cajjable  of  repair. 
Any  loss  of  substance  that  may  have  taken  place  is  then  filled  up 
by.connective  tissue,  and  ultimately  by  osseous  tissue.  If  a  cur- 
vature of  the  spine  has  not  been  rectified  by  proper  appliances, 
the  column  will  become  fixed  in  the  position  it  has  taken  up  b}'' 
the  formation  of  new  osseous  and  connective  tissue :  the  remnants 
of  a  number  of  vertebrae  may  in  these  circumstances  coalesce  to 
form  a  single  bone  (Fig.  109  e),  in  which  the  boundaries  of  the 
original  segments  are  no  longer  discernible.  The  carious  tissues 
on  the  articular  ends  of  contiguous  bones  often  become  firmly 
united  across  the  joint  by  connective  tissue  and  osseous  trabeculae 
(fibrous  and  bony  ankylosis).  If  the  joint  still  contains  frag- 
ments of  cartilage,  these  are  apt  to  be  transformed  into  fibro- 
cartilage  and  connective  tissue. 

Very  frequently  however  the  repair  is  only  partial.  While 
the  greater  part  of  the  diseased  region  may  be  filled  up  by  tissue 
free  from  tubercles,  yet  some  remain  here  and  there,  and  from 
these  residual  deposits  the  morbid  process  often  starts  anew. 

53.  Syphilitic  disease  of  the  bones  makes  its  appearance 
only  in  the  later  stages  of  syphilis,  and  results  either  in  caries  and 
necrosis  or  in  the  formation  of  new  osseous  tissue. 

The  gumma  is  the  formation  characteristic  of  syphilis  in  bone. 
This  is  a  local  inflammatory  product,  which  is  usually  met  with 
in  the  periosteum,  and  less  frequently  in  the  marrow. 

Recent  periosteal  gummata  take  the  form  of  flattened  swellings 
of  elastic  consistence,  and  on  section  exhibit  a  gelatinous  texture. 
In  later  stages  the  gummatous  tissue  becomes  either  somewhat 
whiter  and  like  inspissated  pus,  or  of  a  firmer  consistence,  resem- 
bling rather  ordinary  granulation-tissue  interspersed  with  patches 
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of  fibroid  cicatricial  tissue.  In  the  latter  case  the  gumma  fre- 
quently encloses  denser  and  drier  white  caseous  masses,  due  to 
fatty  degeneration  and  necrosis  of  part  of  the  inflammatory  tissue. 


Fig.  110.    Gummatous  syphilitic  caries  of  the  parietal  bone. 
(From,  a  child  eight  iceeks  old  suffering  from  congenital  syphilis :  preparation  hardened 
in  Mailer's  fluid  and  alcohol,  decalcified  with  picric  acid,  stained  with  haematoxylin 
and  carmine,  and  mounted  in  Canada  balsam:  X  6'5) 

-e    dura  mater 

/    syphilitic  focus  or  gumma 


a    external  periosteum 
b    external  table 


e    spongy  intervening  layer 
d    internal  periosteal  layer 


g    carious  bony  trabeeulae 


~»»«s-as- 


Fig.  111.    Syphilitic  caries  and  necrosis  of  the  calvarium. 
{Reduced  one-half) 
a    carious  excavation  6    large  fragments  of  necrotic  bone 
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When  the  process  has  continued  for  a  long  time,  nothing  may 

remain  but  a  callous  scar-like  thickening  enclosing  no  remnants 

of  granulation-tissue  or  of  caseous  matter. 

At  the  point  where  the  gumma  is  formed  (Fig.  110/),  resorp- 
tion of  osseous  tissue  (^)  always  takes 
place.  The  resorption  is  most  active  in 
the  case  of  those  nodes  that  are  distin- 
guished by  an  abundance  of  round-cells 
and  by  their  pus-like  appearance.  Such 
foci  are  most  frequently  found  in  the  ex- 
ternal periosteum  of  the  cranial  bones  (Fig. 
110  a  and  Fig.  Ill)  :  they  may  however 
make  their  appearance  in  any  of  the  bones 
of  the  skeleton,  and  also  in  the  internal 
periosteum  or  dura  mater  of  the  skull. 
When  situated  in  the  external  periosteum, 
the  outer  table  of  the  skull  is  first  rendered 
carious  (Fig.  110  h  and  Fig.  Ill  a);  but 
usually  the  specific  inflammation  soon  at- 
tacks the  diploe,  and  may  ultimately  extend 
to  the  surface  of  the  dura  mater. 

Isolated  foci  may  be  small  and  incon- 
siderable, and  these  of  course  give  rise  only 
to  slight  loss  of  substance.  With  increase 
in  the  size  of  the  focus  the  erosion  of  the 
bone  also  increases;  and  when  numerous 
foci  are  formed  the  vault  of  the  skull  be- 
comes riddled  with  irregularly-formed  pits 
and  holes  of  various  sizes.  If  the  inflam- 
matory process  extends  deeply,  and  the 
dura  mater  becomes  involved,  the  circula- 
tion in  the  portions  of  bone  lying  between 
the  excavations  is  more  and  more  inter- 
fered with,  and  thus  the  syphilitic  caries 
may  become  associated  with  more  or  less 
extensive  necrosis  (Fig.  Ill  6).  Cases 
occur  in  which  this  combination  of  caries 
and  necrosis  causes  destruction  of  the  larger 
portion  of  the  cranial  vault. 

In  a  similar  manner  erosions  and  exca- 
vations of  various  sizes  are  produced  in 
other  bones. 

Osteomyelitic  gummata  occur  somewhat 
frequently  in   the    phalanges   and   in  the 

^^"'ihfnutJ^tle)'  "^    diploe  of  the  skull,  while  they  are  seldom 
seen  in  the  larger  long  bones  :  yet  in  the 

latter  situation  they  are  occasionally  met  with  in  great  numbers. 

They  form  foci  that  are  gelatinous,  flbro-gelatinous,  dirty-yellow 
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Fig.  112.    Syphilitic  hy- 
perostoses    OV     THE 

LEFT    FEMUR. 


AKT.   53]  SYPHILITIC    HYPERPLASIA  195 

and  puriform,  or  caseous  (Chiaei).  The  osseous  tissue  enclosed 
within  these  foci  is  carious  and  necrotic,  while  the  bone  about 
them  is  the  seat  of  more  or  less  marked  hyperostosis. 

In  the  course  of  gummatous  periostitis  numbers  of  osteo- 
phytes are  often  formed  in  the  vicinity  of  the  gummatous  foci, 
which,  particularly  in  the  long  bones,  attain  at  times  a  con- 
siderable size.  Should  recovery  take  place,  the  gaps  in  the 
periosteum  are  made  good  by  scar-tissue  or  by  newly-formed 
bone.  Parts  that  have  undergone  necrosis  keep  up  a  state  of 
inflammation  until  they  are  resorbed,  or  until  a  sequestrum  is 
formed  and  exfoliated;  and  at  the  same  time  give  rise  to  exten- 
sive production  of  new  bone  in  the  adjacent  parts. 

The  new-formation  of  bone,  which  in  these  instances  is 
obviously  due  to  the  local  inflammation,  takes  place  in  other  cases 
of  syphilis  as  an  independent  process,  and  leads  to  more  or  less 
marked  thickening  of  the  bone,  or  hyperostosis,  dependent  on 
the  osteogenic  activity  of  the  periosteum.  Such  hyperostoses 
usually  occur  on  the  long  bones  (Fig.  112),  but  are  also  met  with 
on  other  bones,  and  at  times  are  spread  over  the  entire  skeleton. 
As  the  result  of  simultaneous  endosteal  bone-formation,  the  older 
bone  may  be  rendered  sclerotic  and  correspondingly  increased  in 
density :  in  other  cases  it  undergoes  osteoporosis  and  so  becomes 
rarefied  and  porous. 

In  cases  of  leprosy  (Savttschenko),  granulomatous  foci  con- 
taining bacilli  may  be  formed  in  the  bone-marrow. 

Actinomycotic  inflammation,  as  soon  as  it  reaches  the  peri- 
osteum, leads  to  peripheral  caries  and  occasionally  to  necrosis. 
Most  frequently  it  is  the  maxillae,  the  spine,  and  the  bones  of  the 
thorax  that  are  attacked,  and  sometimes  very  extensive  destruc- 
tion of  the  bones  is  thus  brought  about. 

In  glanders  caseous  nodes  and  patches  of  suppuration  have 
been  observed  in  the  periosteum  and  synovial  membranes. 

References  on  Syphilis  and  Leprosy  of  the  Bones  (on  Congenital 
Syphilis  see  also  Art.  58). 

BowLBY :  Syphilis  St.  Barth.  Hosp.  Reports  xxvi  London  1890 

Chiari:  Syphilis  Vierteljahresschr.  f.  Derm.  u.  Sypli.  1882 

Haab:  Syphilis  F.  ^.  65  1875  .     .„  ,„„, 

Jasinski  :  Syphilitic  diseases  of  the  vertebral  column  A .  f.  Derm,  xxiii  1891 

Lancereaux  :   TraiteUst.  et  prat,  de  la  syphilis  Paris  1874 

Lang:   Vorlesungen  uber  Path.  u.  Therap.  d.  Syphilis  Wiesbaden  1885 

Meyer,  L.  :  Syphilis  Z.f.  Psych,  xviii  ,  ,„„„       ^  ,„„^ 

Parrot  :  Syphilis  A .  de  physiol.  norm,  et  pathol.  1872  and  1876 

Sawtschenko:  Leprous  osteomyelitis  Cent./.  Bakteriologie  v  1889;  Changes 

in  the  bones  in  leprosy  Ziegler's  Beitrage  ix  1891 
SoLOWEiTSCHiK :  Syphilitic  affections  of  the  skull  F.  A.  48  1869 
Virchow   V  a    15  1858,  and  Krankhafte  Geschwiilste  n  1865 
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CHAPTER   XIX 

DISORDERS  OF  OSSEOUS   DEVELOPMENT  AND  GROWTH 

54.  The  bones  composing  the  skeleton  originate  either  from 
connective  tissue  that  is  but  slightly  differentiated,  or  from  a  pro- 
visional cartilaginous  substratum.  Examples  of  the  first  mode 
of  origin  are  seen  in  the  flat  bones  of  the  skull:  these  are  called 
membrane-bones,  because  they  are  due  to  ossification  partly  of 
the  integument  and  partly  of  the  wall  of  the  cephalo-enteric 
cavity  or  head-gut  (Gegenbaur).  Examples  of  bones  originat- 
ing in  cartilage  are  seen  in  the  remaining  parts  of  the  skeleton: 
these  bones  constitute  the  internal  skeleton,  in  contradistinction 
to  the  external  or  integumentary  skeleton. 

Ossification  in  the  membi-anous  substratum  of  the  integumentary  bones 
takes  place  in  general  by  the  development  of  trabeculae  containing  lime-salts, 
together  with  bone-corpuscles  and  bone-cells,  in  the  germinal  or  embryonic 
tissue,  which  is  composed  of  cells  with  a  more  or  less  abundant  homogeneous  or 
fibrillar  matrix.  These  trabeculae  are  at  a  later  stage  thickened  by  the  apposi- 
tion of  new  germinal  tissue.  When  an  osseous  plate  is  thus  formed,  it  increases 
in  thickness  by  the  formation  of  new  bone  from  the  adjacent  superficial  layer 
of  connective  tissue,  which  layer  is  thenceforward  called  the  periosteum. 

Ossification  begins  in  exactly  the  same  manner  in  the  parts  of  the  skeleton 
that  are  pre-formed  in  cartilage.  Trabeculae  are  developed  in  certain  definite 
places  in  the  tissue  surrounding  the  cartilage,  or  perichondrium.  This  mode 
of  bone-formation  corresponds  to  that  observed  in  the  periosteum  of  the  flat 
or  membrane-bones;  it  continues  throughout  life,  and  is  termed  periosteal 
ossification.  There  is  another  mode  allied  to  this,  called  endochondral 
ossification,  in  which  the  marrow-tissue  of  the  osseous  strata  surrounding  the 
cartilaginous  substratum  penetrates  the  cartilage  while  it  is  in  process  of  inter- 
nal calcification.  Wherever  the  marrow  penetrates,  the  cartilage  all  but  com- 
pletely disappears,  and  medullary  spaces  are  thus  produced.  This  is  the  first 
stage  of  endochondral  ossification :  throughout  its  subsequent  course  it  is  char- 
acterised by  certain  peculiar  features. 

In  the  neighbourhood  of  the  spot  where  a  medullary  space  encroaches  on 
the  cartilage,  proliferation  commences  in  that  tissue  (Fig.  113  6)  and  results  in 
the  formation  of  small  groups  of  cells  in  the  place  of  the  isolated  cartilage-cells. 
As  these  groups  increase  in  number  and  in  the  size  of  their  component  cells, 
they  tend  to  arrange  themselves  in  linear  order  (c  d).  The  alignment  always 
takes  place  in  a  direction  parallel  to  one  of  the  long  axes  of  the  bone,  and  as  it 
is  uniform  throughout  the  entire  thickness  of  the  cartilaginous  matrix,  there  is 
developed  from  the  proliferous  zone  (6)  a  zone  of  parallel  columns  of  carti- 
lage-cells (c),  the  largest  cells  being  in  juxtaposition  to  the  bone  already  formed. 
This  region  of  large  cartilage-cells  is  distinguished  as  the  hypertrophic 
zone  (d). 
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K„    \  ^^il'^?'^  *^^  cartilage  extends  in  the  direction  of  the  lone  axis  of  thp 

a  wholet  d.Vp"T%''  '"-/""S*^  °^  '""^  pre-fo,med  cartilaginous  subslatum  as 
a  whole  IS  dependent  on  its  own  continued  longitudinal  growth.  This  erowth 
IS  most  marked  m  bones  destined  to  become  elongated  il  shaj;  :  it  is  ifss  peJ 


Fig.  113.    NoBMAt  endochondral  ossification. 

(Longitudinal  section  from  the  upper  end  of  the  femoral  diaphysis  of  a  neio-bom  child : 
preparation  hardened  in  Mailer's  fluid,  decalcified  with  picric  acid,  stained  with 
haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  X  55) 


a    hyaline  cartilage 
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c    columns  of  cartilage-cells 
d    columns  of  hypertrophic  cells 
e    zone  of  provisional  calcification 


/  zone  of  primary  medullary  spaces 

g  zone  of  primary  ossification 
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i  blood-vessels 

k  osteoblastic  layer 


198  DISOKDBKS   OF   OSSEOUS  DEVELOPMENT  [CHAP.    XIX 

ceptible  in  bones  whose  ultimate  length  is  inconsiderable  compared  with  their 
breadth. 

When  the  columns  of  cells  have  attained  a  certain  size,  calcification  sets  in 
within  the  matrix  and  in  the  capsules  of  the  cartilage-cells  (e),  and  is  initiated 
by  the  deposition  therein  of  fine  calcareous  granules. 

The  further  growth  of  the  cartilage  is  thereupon  stopped.  The  zone  of 
calcified  cartilage  (e)  never  reaches  any  considerable  size,  but  forms  simply  a 
narrow  whitish  stratum  or  seam. 

After  persisting  for  a  short  time  the  zone  of  calcified  cartilage  disappears: 
the  contiguous  highly-vascular  marrow  (/)  invades  the  cartilage,  dissolves 
its  calcified  matrix,  leaving  only  a  few  scattered  remnants,  and  extends  into 
the  dehiscent  capsules  of  the  cartilage-cells.  Only  a  few  slender  and  jagged 
trabecular  fragments  of  the  matrix  remain,  and  these  as  a  rule  contain  no 
cartilage-cells.  The  cartilage-cells  lose  their  identity  in  the  marrow :  it  is  still 
uncertain  whether  they  are  disintegrated  or  persist  and  become  changed  into 
marrow-cells,  though  the  latter  is  the  more  probable  supposition. 

The  zone  of  primary  medullary  spaces  (/)  at  first  contains  only  the  tra- 
becular fragments  of  the  cartilaginous  matrix ;  and  these,  with  few  exceptions, 
are  changed  by  a  peculiar  metaplasia  into  bony  tissue,  the  process  beginning  at 
the  periphery  (Kassowitz).  Some  of  these  bony  trabeculae  are  dissolved, 
and  the  primary  medullary  spaces,  whose  width  corresponds  to  that  of  from 
one  to  three  columns  of  cartilage-cells,  accordingly  coalesce  to  form  medullary 
cavities  of  larger  calibre.  The  remaining  trabeculae  undergo  ossification  in  the 
ordinary  way  (K)  by  the  development  of  osteoblasts  from  the  cellular  medullaiy 
tissue.  These  attach  themselves  to  the  persistent  cartilaginous  trabeculae,  and 
ultimately  transform  them  into  bone. 

In  this  manner,  then,  the  cartilage  is  replaced  by  bony  tissue,  its  chief 
function  in  relation  to  the  bone  being  to  determine  its  form  and  the  extent  of 
its  longitudinal  growth.  In  some  degree,  also,  the  internal  structure  of  the 
new  bone  is  determined  by  the  cartilage,  since  the  persistent  trabeculae  of  the 
cartilaginous  matrix  serve  as  the  foundations  of  the  osseous  trabeculae. 

Endochondral  ossification  proceeds  in  both  a  proximal  and  a  distal  direction, 
and  produces  the  axially-direeted  diapbysis  or  shaft  of  the  bone,  while  the 
cartilaginous  end-pieces  are  named  the  epiphyses.  Toward  the  end  of  foetal 
life  blood-vessels  penetrate  the  lower  epiphysial  cartilage  of  the  femur  from 
the  perichondrium,  and  form  a  close  network  in  the  centre.  After  antecedent 
calcification  of  the  cartilage,  a  new  centre  of  ossification  forms  in  this  network, 
and  from  this  centre  the  epiphysis  ossifies  along  radiating  lines.  In  the  other 
long  bones  the  epiphysial  centres  of  ossification  appear  later.  Inasmuch  as 
ossification  is  in  this  case  also  preceded  by  proliferation  of  the  cartilage,  the 
bone  produced  in  the  epiphysis  developes  in  all  directions  from  the  centre. 
When  the  ossification  extends  to  the  perichondrium  the  longitudinal  growth 
of  the  bony  epiphysis  is  but  slight,  and  stops  entirely  on  the  side  toward  the 
diaphysis. 

The  layer  of  cartilage  lying  next  to  the  joint  persists  as  the  articular 
cartilage.  The  portion  of  the  epiphysial  cartilage  next  the  diaphysis  remains 
to  the  end  of  the  growing  stage,  namely  from  the  twentieth  to  the  twenty; 
seventh  year.  After  the  epiphysis  is  ossified,  columns  of  cartilage-cells  are  pro- 
duced only  on  the  side  that  is  next  the  diaphysis.  When  the  ossification  of  this 
side  of  the  epiphysis  is  complete,  the  shaft  ceases  to  grow  in  length,  and 
becomes  united  to  the  epiphysis  by  continuous  bony  tissue. 

55.  If  for  any  reason  the  cartilaginous  substratum  of  any  part 
of  the  internal  or  of  the  integumentary  skeleton  does  not  attain 
its  proper  development,  or  if  a  part  already  formed  in  cartilage 
is  destroyed  in  utero  by  morbid  processes  such  as  ischaemia  or 
inflammation,   the  corresponding  bone  or  part  of  a  bone  is  not 
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produced,  with  the  result  that  the  skeleton  is  defective.  Such 
defects  are  described  as  results  of  local  agenesis.  Most  fre- 
quently it  is  a  portion  of  the  skull  (Fig.  114),  or  of  the  vertebral 
arches,  that  remains  undeveloped  :  in  tlie  bones  of  the  extremities 
and  in  the  bodies  of  the  vertebrae  such  defects  are  somewhat  less 
often  met  with.  Both  conditions  are  usually  accompanied  by 
defects  in  the  related  soft  parts  ;  yet  imperfections  in  the  bones 
of  the  extremities  and  of  the  trunk,  due  to  simple  cartilaginous 
hypoplasia,  may  occur  without  any  corresponding  malformation  of 
the  soft  parts.  Partial  defects  of  individual  bones,  such  as  are 
found  chiefly  in  the  cranium  (Fig.  114)  and  in  the  limbs,  are  due 
to  some  arrest  of  development  at  a  stage  when  the  main  part  of 
the  bone  has  been  already  formed,  and  is  in  process  of  active 
growth.  Defects  at  the  distal  ends  of  the  tibia,  of  the  fibula,  and 
of  the  radius  occur  in  association  with  malformations  of  the  feet 
and  hands. 


Fig.  114.  Paktiai.  agenesis  of  the  bones  of  the  cranial  vault  in  anen- 

cephalia. 

{Reduced  to  two-thirds  of  the  natural  size) 

a  d    frontal  bone        6    parietal  bone       c    squamous  portion  of  occipital  bone 

66.  It  sometimes  happens  that  while  the  cartilaginous  sub- 
stratum of  each  individual  part  of  the  skeleton  is  normally  devel- 
oped as  regards  form,  its  growth  in  size  is  m  some  way  checked 
or  retarded.  In  the  long  bones  this  gives  rise  to  dehciency  ot 
length  or  of  girth,  in  the  flat  bones  to  insufficient  area  or  thick- 
ness. In  certain  cases  the  arrest  of  development  shows  itself  m 
an  abnormal  slenderness  of  the  individual  bony  trabeculae. 

Arrest  or  impairment  of  the  development  of  the  bones  may 
take  place  in  utero,  and  lead  to  malformations  of  the  skeleton  of 
the  new-born  child  (Fig.  115).  In  other  cases  the  arrest  does 
not  begin  till  after  birth,  and  then  gives  rise  only  to  subsequent 
stunting  or  dwarfing  of  the  skeleton  or  of  some  parts  of  it 

If  the  interference  with  development  extends  uniformly  over 
the  entire  skeleton,  the  result  is  a  condition  of  general  dwarhsh 
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under-growth  (Fig.  116),  described  as  microsomia  or  nanoso- 
mia.  In  this  case  the  separate  parts  of  the  skeleton  retain  their 
normal  proportional  relations,  or  at  least  present  but  slight  varia- 
tions from  the  normal. 

When  the  arrest  is  limited  to  particular  regions  of  the  skeleton, 
the  growth  of  these  alone  is  affected,  and  the  proportional  rela- 
tions of  the  several  parts  are  accordingly  more  or  less  disturbed 
(Figs.  116  and  117). 

When  it  is  chiefly  the  longitudinal  growth  of  the  extremities 
that  is  affected,  the  result  is  micromelia  (Figs.  115  and  117). 

Deficiency  of  superficial  extent 
in  the  cranial  bones  produces  mi- 
crocephalia or  nanocephalia 
(Fig.  118).  Shortening  of  the 
base  of  the  skull  causes  the  bridge 
of  the  nose  to  appear  sunken,  or 
the  nose  as  a  whole  to  be  retracted 
and  flattened.  Imperfect  develop- 
ment of  the  alae  of  the  sacrum 
causes  transverse  contraction  of 
the  pelvis  (Fig.  122). 

When  any  region  of  the  skel- 
eton is  ill-developed,  there  is  usu- 
ally some  corresponding  deficiency 
in  the  related  soft  parts;  but  it 
not  infrequently  happens  that  the 
latter  grow  too  large  in  propor- 
tion to  the  corresponding  bones, 
and  being  thus  thrown  into  folds 
and  bulgings  appear  themselves 
to  be  deformed. 

The  cause  of  arrest  of  devel- 
opment in  the  skeleton,  whether 
general  or  local,  undoubtedly  lies 
in  some  instances  in  the  consti- 
tution of  the  embryo  itself,  and 
either  depends  on  inheritance  or 
is  the  manifestation  of  a  spon- 
In  other  cases  the  anomaly  of 
development  is  due  to  some  acquired  lesion,  referable  to  intra- 
uterine or  extra-uterine  injury.  In  many  cases  the  cause  of  the 
defective  development  of  the  skeleton  may  be  traced  to  imper- 
fection in  the  functional  activity  of  the  thyroid  gland,  a  condi- 
tion met  with  chiefly  in  connexion  with  cretinism.  Cretinism 
sometimes  appears  sporadically,  at  other  times  assumes  an 
endemic  form,  apparently  under  the  influence  of  some  as  yet 
undetected  miasmatic  virus  ;  and  it  may  also  result  from  removal 
of  the  thyroid  gland  by  surgical  operation.     As  regards  the  other 


Fig.  115.  New-born  miceomelic  in- 
fant, WITH  CRETINOID  EXPRESSION 
OF  FACE. 

(^Reduced  to  one-fourth  of  the  natural 
size) 


taneous  variation  or  'sport. 
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causes,  of  an  acquired  nature,  which  result  in  defective  develop- 
ment of  the  bones,  we  are  still  in  ignorance. 

From  a  histological  point  of  view,  arrested  longitudinal  growth 


Fio.  116.    Skeleton  of  ji.  mmale  cretinoid  dwarf. 
(Aged  31  ■  height  118  centimetres :  skull  clino cephalic) 

the  upper  extremities  are  relatively  short. 

Fig.  117.    Skeleton  of  a  female  dwarf. 

(Aged  58:  height  117  centimetres)  .^     -i 
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in  the  cartilage-bones,  and  defective  lateral  growth  in  the  mem- 
brane-bones, are  due  either  to  failure  of  bone-formation  at  the 
zone  of  ossification  in  the  diaphysis,  or  to  premature  synostosis  at 
the  margins  of  bones  that  normally  continue  for  a  time  united 
only  by  sutures  of  cartilage  or  connective  tissue.  Deficient 
thickness  or  girth  arises  from  scanty  periosteal  deposition  on  the 
exterior  :  slenderness  of  the  cancellous  trabeculae  is  the  result  of 
imperfect  myelogenous  apposition  of  osseous  tissue  on  the  primary 
trabeculae  developed  in  the  cartilage  or  from  the  periosteum,  or 
in  other  words  of  imperfect  osteogenesis. 

In  bones  formed  from  cartilage  failure  to  increase  in  length  is 
in  many  cases  due  solely  to  defective  proliferation  of  the  cartilage 
at  the  zone  of  ossification :  instead  of  the  normal  array  of  col- 


FiG.  118.    Head  of  a  microcephalic  child  (Helen  Becker). 
{Aged  five  years :  after  a  photograph  taken  by  A.  Ecker  in  1S6S) 

umns  containing  numerous  cartilage-cells,  the  columns  are  few 
and  the  cells  scanty,  or  the  columns  are  entirely  absent  (compare 
Fig.  119  b  e  with  Fig.  US  b  c  d  e). 

In  cases  of  well-marked  arrest  of  growth  the  columns  of  car- 
tilage-cells (J),  even  in  the  larger  long  bones,  fail  to  attain  any 
considerable  height ;  they  sometimes,  indeed,  are  shorter  than  in 
normally-developing  digital  phalanges.  This  condition  has  been 
termed  chondrodystrophia  hypoplastica  (Katjfmann)  or  achondro- 
plasia (Pareot). 

In  these  cases  the  process  of  ossification  following  upon  the 
dissolution  of  the  cartilage  does  not  differ  from  the  normal  pro- 
cess (/),  and  the  formation  of  bone  from  the  periosteum  takes 
place  in  the  usual  way.     The  disposition  and  arrangement  of  the 
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persistent  remnants  of  calcified  cartilage  are,  however,  abnormal ; 
and  accordingly  the  architectural  structure  of  the  cancellous  or 
spongy  bone  (compare  Fig.  119  e  with  Fig.  113  K)  produced  by 
the  endochondral  ossification  is  altered,  while  at  the  same  time 
the  entire  bone  is  abnormally  thick  in  proportion  to  its  length. 

Should  endochondral  ossification  be  checked  during  the  course 
of  development,  the  growth  of  the  bone  in  its  long  axis  will 
cease.  If  at  this  stage  the  epiphysial  cartilages  that  are  destined 
to  disappear  with  adolescence  are  still  persistent,  they  may  remain 
permanently.     It  thus  happens  that  some  dwarfs,  after  the  twen- 


FiG.  119.    Endochondral  ossincATioN  in  a  new-born  child  with  abnormally 

SHORT    LIMBS. 

(Longitudinal  section  through  the  upper  zone  of  ossification  in  the  diaphysis  of  the 
femur :  preparation  hardened  in  alcohol,  decalcified  with  picric  acid,  stained  with 
haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  x  55) 


a    hyaline  cartilage 

b    zone  of  proliferous  cartilage 

c     zone  of  cartilage  undergoing  calcification 


d    zone  of  primary  medullary  spaces 
e     cancellous  bone 
/    osteoblastic  layer 


tieth  year  has  been  passed  (Fig.  116),  not  only  have  cartilaginous 
epiphysial  junctions  at  the  ends  of  the  long  bones  (Fig.  120),  but 
even  between  the  several  bones  of  the  pelvis  and  the  different 
segments  of  the  sternum.  Furthermore,  sutures  such  as  the 
frontal,  which  usually  disappear  at  an  early  age,  may  remain  un- 
united throughout  life  (Fig.  116).  .■,,-,-, 

In  addition  to  such  simple  failure  of  longitudinal  development 
of  the  bones,  from  inadequate  proliferation  of  the  cartilage-cells, 
as  is  observed  in  micromelio  infants  and  in  the  subjects  of  thyroid 
cachexia  (including  cretins),  certain  peculiar  perversions  of  endo- 
chondral ossification  are  met  with,  which  have  had  their  origm  in 
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intra-uterine  disease.  These  are  characterised  macroscopically 
by  the  shortness  of  the  diaphyses  (Fig.  121  a)  and  by  a  more  or 
less  marked  thickening  of  their  ends  (Fig.  121  6).  Microscopi- 
cally they  exhibit  irregularities  in  the  proliferation  and  calcifica- 
tion of  the  cartilage,  with  corresponding  anomalies  of  ossification. 
The  cartilage  indeed  proliferates,  but  no  cellular  columns  are 
formed;  and  it  may  thereafter  either  soften  or  become  calcified 
and  ossified  in  an  irregular  man- 
ner, the  condition  being  termed 
chondrodystrophia  malacica 
(Kaufmanx)  or  microiuelia 
chondromalacica.  In  other 
cases   increased  proliferation  of 


Fig.  120.    Bones  of  the  middle  finger  of  the  right  hand  of  the  cretinoid 

DWARF  OF  Fig.  116. 

(T/ie  epiphysial  line  remains  cartilaginous :  natural  size) 

Fig.  121.    Micromelic  pseudo-rachitis  (foetal  rickets)  of  the  upper  limb. 

{An  example  of  Chondrodystrophia  hypertrophica :  reduced  to  four-fifths 
of  the  natural  size) 

a    diaphysis  6    epiphysis  of  the  bones  of  the  fore-arm  c    scapula 


the  cartilage  in  all  directions  occasionally  sets  in,  producing  exces- 
sive thickening  of  the  ends  of  the  diaphyses.  This  may  be  com- 
bined with  extreme  irregularity  of  ossification,  and  is  now  and  then 
accompanied  by  an  ingrowing  of  the  periosteum  between  the 
cartilage  and  the  bone,  which  of  course  involves  the  entire  cessa- 
tion of  longitudinal  growth.  Inasmuch  as  the  abnormal  pro- 
liferation of  the  cartilage  is  in  these  cases  the  most  striking 
feature  of  the  process,  the  condition  might  be  suitably  described 
as  chondrodystrophia  hyperplastica. 
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Premature  synostosis  takes  place  both  in  situations  that 
•normally  are  not  subject  to  ossification,  and  in  parts  that  are 
ossified  only  in  advanced  life,  or  at  least  at  some  later  period  of 
growth. 

Among  the  synchondroses  liable  to  premature  ossification  we 
may  take  for  examples  the  cartilaginous  junction  between  the 
anterior  and  posterior  portions  of  the  body  of  the  sphenoid,  and 
between  the  body  of  the  sphenoid  and  the  basilar  portion  of  the 
occipital  bone.  The  former  of  these  begins  to  ossify  at  birth; 
the  latter  between  the  twelfth  and  thirteenth  years.     Premature 


Fig.  122.    Agenesis  of  the  wings  of  the  sacrum  with  sacko-iliac  synostosis. 

(Pelvis  ankylosed  and  transversely  contracted;  sacrum  sunk  deeply  into  the  pelvis: 
'    somewhat  less  than  half  the  natural  size) 

synostosis  of  these  bones,  like  deficient  proliferation  of  the  carti- 
lages, results  in  shortening  of  the  base  of  the  skull  (Vikohow), 
and  so  gives  rise  to  depression  of  the  bridge  of  the  nose. 

In  the  sacro-iliac  synchondrosis  deficiency  of  distal  growth 
in  the  lateral  portions  of  the  sacrum,  and  premature  synostosis 
with  the  ilium  (Fig.  122),  result  in  imperfect  lateral  expansion  of 
the  pelvis.  By  bilateral  synostosis  a  symmetrical  transverse  con- 
traction (Fig.  122),  and  by  unilateral  synostosis  an  unsymmetri- 
cal  or  oblique  transverse  contraction  of  the  pelvis  is  produced. 
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Under  certain  conditions,  imperfect  development  of  the  sacrum 
itself  also  produces  transverse  contraction  of  the  pelvis  (Litz- 
mann). 

The  sutures  between  the  flat  cranial  bones  are  the  best  exam- 
ples of  the  syndesmoses,  and  they  usually  persist  until  adult  age. 
Since  expansive  growth  in  superficial  extent  occurs  along  the  lines 
of  the  sutures,  through  apposition  of  bone  at  their  margins,  pre- 
mature ossification  produces  arrest  of  the  growth  of  the  skull  as  a 
whole,  and  the  result  is  cranio-stenosis. 

In  premature  synostosis  of  all  the  sutures,  the  cranium  remains 
small  in  all  its  dimensions,  producing  microcephalia.  Premature 
ossification  of  the  coronary  and  lambdoid  sutures  checks  longitudi- 
nal expansion,  that  of  the  sagittal,  spheno-parietal,  parieto-tempo- 
ral,  and  frontal  sutures,  prevents  lateral  development  of  the  skull. 
If  the  cerebrum  increases  notably  in  bulk  after  partial  synostosis 
has  begun,  compensatory  overgrowth  takes  place  in  the  sutures 
still  unossified,  and  room  for  the  growing  brain  is  thus  provided. 
Such  local  deficiency  and  compensatory  overgrowth  cause  the  form 
of  the  cranium  to  deviate  more  or  less  from  that  characteristic  of 
the  race  to  which  the  affected  person  belongs,  and  not  infrequently 
a  skull  is  thus  produced  which  differs  from  every  normal  type. 

Inadequate  endochondral  growth  in  linear  dimensions  is  in 
some  cases,  but  by  no  means  always,  combined  with  premature 
synostosis  of  the  synchondroses  and  syndesmoses.  The  former 
condition  may  be  present  though  there  is  no  premature  synostosis; 
and  the  latter,  especially  in  the  cranium,  may  appear  unaccom- 
panied by  any  disturbance  of  normal  endochondral  growth. 

Intra-uterine  arrest  of  the  longitudinal  development  of  the  bones  is  generally 
described  by  writers  under  the  name  of  mioromelio  foetal  rickets,  and  a 
very  large  number  of  cases  have  been  recorded.  The  term  rickets  or  rachitis 
is,  hovsrever,  inappropriate,  for  the  abnormal  processes  at  the  zone  of  endo- 
chondral ossification  are  not  analogous  to  those  observed  in  rickets,  and  the 
disorders  of  periosteal  ossification  characteristic  of  rickets  are  entirely  absent. 
It  is  still  an  open  question  whether  true  rickets  ever  occurs  as  an  intra-uterine 
affection.     Mori  believes  that  he  has  demonstrated  its  existence  in  one  case. 

Even  in  members  of  the  same  race,  the  form  of  the  skull  is  subject  to 
marked  variation,  and  the  variation  is  still  greater  when  different  races  are 
compared.  The  characteristic  measurements  of  the  cranium  are  its  length, 
height,  and  breadth.  The  cephalic  index  is  the  ratio  of  its  length  (taken  as 
100  units)  to  its  breadth.  The  altitudinal  index  is  the  ratio  of  its  length  to 
its  height.  The  accepted  horizontal  plane  is  that  passing  through  the  upper 
edges  of  the  external  auditory  meatus  and  the  lower  orbital  margins. 

According  to  the  variations  of  the  cephalic  index,  we  distinguish  the  dolicho- 
cephalic (index  less  than  75)  and  the  brachycephalic  (index  more  than  80)  types. 
Intermediate  forms  are  called  mesocephalic.  If  the  ratio  of  the  breadth  to  the 
height  is  less  than  70,  the  skull  is  platycephalic ;  ii  between  70  and  75,  ortho- 
cephalic;  if  above  75,  hypsocephalic.  The  character  of  the  facial  profile  is 
indicated  by  the  facial  angle  of  Camper,  namely  the  angle  between  a  line 
on  the  level  of  the  external  auditory  meatus  and  the  floor  of  the  nasal  cavity 
and  a  line  touching  the  middle  of  the  forehead  and  the  anterior  portion  of  the 
alveolar  process  of  the  superior  maxilla.     If  this  angle  be  80°  or  more,  the  skull 
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is  called  orthognathous ;  if  it  is  between  80°  and  65°,  prognathous  (Gegenbaur). 
The  mean  cubic  capacity  of  the  male  cranium  is  1450  cubic  centimetres;  that 
of  the  female  is  1300  cubic  centimetres  (Welckee). 

Pathological  types  of  skull  are  due  in  part  to  premature  synostosis. 
Aniong  them  we  distinguish  the  hydrocephalic  type  (from  dropsy  of  the  ven- 
tricles), the  cephalonic  (or  big  head),  the  microcephalic  (or  small  head),  the 
dolichocephalic  (or  long  head),  the  sphenocephalic  (or  wedge-shaped  head  due 
to  compensatory  development  of  the  anterior  fontanelle"),  the  leptocephalic  (or 
narrow  head),  the  clinocephalic  (or  saddle-shaped  head),  the  trigonocephalic  (or 
triangular  head  due  to  narrowing  of  the  frontal  bone,  from  foetal  synostosis  of 
the_  frontal  suture),  the  brachycephalic  (or  short  head),  the  pachycepkalic  (in 
which  the  bones  of  the  cranium  are  thickened),  the  oxycephalic  (or  pointed 
head),  the  platycephalic  (or  flat  head),  the  trochocephalic  (or  round  head),  and 
the  plagiocephalic  (or  unsymmetrical  oblique  head). 

References  on  Hypoplasia  and  Premature  Synostosis  of  Bones. 

Aeby  :  Schadelformen  d.  Menschen  und  Affen  Leipzig  1862 

Bode:  Foetal  rickets  V.  A.  93  1883 

DoLEGA :  Cretinism  from  impeded  bone-growth  Ziegler's  Beitrdge  ix  1891 

Ebekth  :  Die  f Stale  Rachitis  Leipzig  1878 

Fischer:  Monatsschr.  f.  Geburtsh.  xiv,  and  A.f.  Gynak.  vii  1875 

Fridglin  :  Skull-deformities  in  early  life  V.  A .  100  1885 

Grawitz:  Foetal  cretinoid  development  of  bone  V.  A.  100  1885 

Geundler  :  Cachexia  strumipriva  Bruns'  Mittheil.  chir.  Klinih  i  Tubingen  1884 

HoFMEiSTER :  Results  of  experimental  removal  of  the  thyroid  Beitrage  von 
Bruns  XI  1894 

Kaufmann  :  Die  sogenannte  /Stale  Rachitis  Berlin  1892 ;  Hyperplastic  dystro- 
phy of  cartilage  Ziegler's  Beitrdge  xiil  1893 

KiRCHBERG  and  Marchand,  F.  :  Foetal  rickets  (micromelia  chondromalacica') 
Ziegler's  Beitrdge  v  1889 

Klebs:  Cretinism  A.f.  exp.  Path,  ii  1874 

KtJSTNER,  O. :  Trigonocephalia  F.  ^.  83  1880 

Litzmann:  Transverse  contraction  of  pelvis  A.  f.  Gyndk.  xxv  1884;  Die 
Formen  des  Beckens  Berlin  1861 

Mori:  Intraruterine  rickets  Cent.f.  allg.  Path,  iv  1893 

MtJLLER,  H. :  Foetal  rickets  Wurzburg.  med.  Zeit.  1 1860 

Paltauf  :     Ueber  den  Zwergwuchs  Vienna  1891 

Rohree:  Case  of  a  dwarf  V.  A.  101  1885 

Salvetti  :  Foetal  rickets  Ziegler's  Beitrdge  xvi  1894 

Schauta:  Anomalies  of  the  pelvis  Muller's  Handb.  d.  Geburtshulfe  1888 

Stilling:  Imperfect  osteogenesis  F.  ^4.  115  1889 

Urtel  :  Foetal  rickets  Inaug.  Diss.  Halle  1873 

Virchow:  Gesamm.  Abhandl.  Frankfort  1856;  Entwickelung  d.  Schadelgrundes 
Berlin  1857;    Wurzburg.  Verhandl.  vii  1857;   V.  A.  5,  13,  94  1883 

Welcker  :  Wachsthum  u.  Bau  d.  menschlichen  Schddels  Leipzig  1862 

Winkler  :  Foetal  rickets  with  micromelia  A.f.  Gyndk.  ii  1871 

57.  Excessive  longitudinal  growth  of  the  bones  depends  upon 
abnormal  proliferation  of  cartilage  in  the  process  of  endochondral 
ossification,  and  excessive  thickness  upon  abnormal  addition  of 
osseous  tissue  by  apposition.  The  two  processes,  when  they 
affect  the  entire  osseous  system,  lead  to  hypertrophy  of  the 
skeleton,  or  gigantic  overgrowth. 

Growth  of  the  bones  beyond  the  ordinary  dimensions  proper 
to  the  race,  and  to  the  ancestral  stock,  may  be  noticeable  even 
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at  birth,  though  more  usually  it  makes  its  appearance  during 
the  period  of  adolescence,  or  even  after  the  time  when  growth 
normally  ceases.  The  increase  in  the  several  parts  of  the 
skeleton  may  be  symmetrical  and  uniform  ;  more  commonly, 
however,  the  hypertrophy  is  unequal,  so  that  the  normal  rela- 
tive proportions  of  the  parts  are  disturbed.  At  the  same  time 
the  hypertrophied  parts  may  be  irregularly  enlarged,  and  so  be- 
come more  or  less  deformed.  Such  deformity  is  most  frequently 
observed  in  the  bones  of  the  skull  (Fig.  123)  and  at  the  ends 
of  the  limb-bones. 

The  causes  of  excessive  development  of  the  osseous  structures 

are  still  obscure.  It  is  nat- 
ural to  assume  that  the 
variety  that  begins  in  the 
early  or  intra-uterine  pe- 
riod of  growth  is  due  to 
heredity.  When  the  hjrper- 
plasia  first  makes  its  ap- 
pearance during  extra-ute- 
rine growth,  it  is  possible 
that  external  influences 
play  an  important  part  in 
the  causation,  in  addition 
to  some  hereditary  predis- 
position. Perhaps  chemical 
agents  may  be  influential  in 
producing  these  changes. 
In  support  of  this  theory 
the  experimental  investiga- 
tions of  Wegner,  Maas, 
and  GiES  might  be  cited. 
These  investigations  show 
that  phosphorus  and  ar- 
senic, when  given  in  small 
doses  during  the  period  of 
adolescent  growth,  produce 
an  increase  of  bone  at 
every  point  which  is  the 
site  of  physiological  appo- 
sition. 

Abnormal  osseous  hypertrophy  may  continue  to  progress  until 
death,  or  it  may  cease  after  a  few  years. 

Overgrowth  of  individual  portions  of  the  skeleton,  or  partial 
gigantism,  occurs  in  the  bones  of  the  skull  (Fig.  123),  and  affects 
the  bones  of  the  cranial  vault  as  well  as  those  of  the  face.  The 
overgrowth  is  sometimes  uniform,  at  other  times  irregular  in  its 
distribution;  occasionally  also  the  bones  so  affected  possess  a 
tuberous  or  lobate  surface.     Virchow  has  termed  the  condition 


Fig.  123.    Leontiasis  ossea. 
{Case  observed  by  Buhl) 
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leontiasis  ossea.  Cases  are  recorded  in  which  the  weight  of 
the  skull  reached  five  kilogrammes. 

Where  a  particular  part  of  the  body,  such  as  the  foot,  or  a  toe 
or  finger,  are  from  any  cause  overgrown,  the  bones  of  the  part 
are  frequently  hypertrophied  to  a  corresponding  extent.  As 
examples  of  excessive  growth  of  individual  bones,  and  of  the 
development  of  new  or  supernumerary  ones,  the  following  are 
specially  noteworthy  —  the  development  of  the  anterior  portion 
of  the  transverse  process  of  the  seventh  cervical  vertebra  into  a 
rib  ;  the  lengthening  of  the  twelfth  rib,  and  the  formation  of  a 
rudimentary  thirteenth  rib;  and  the  abnormal  enlargement  of 
the  bony  surfaces  and  points  of  attachment  of  tendons,  described 
under  the  various  names  of  apophyses,  tuberosities,  tubercules, 
spines,  and  crests. 

Tumour-like  formations  of  new  bone  sometimes  occur  in 
situations  where  no  outgrowths  normally  exist.  Such  tumours 
appear  on  the  cranium  as  well  as  on  the  other  portions  of  the 
skeleton,  and  are  sometimes  composed  of  compact  ivory-like  bone, 
and  at  other  times  of  spongy  or  cancellous  tissue  :  they  may  be 
multiple.  Many  cases  are  reported  in  which  tuberous  or  spicular 
bony  growths  have  been  formed  over  the  entire  skeleton,  or  the 
greater  portion  of  it,  the  protuberances  being  usually  covered 
with  a  layer  of  cartilage  at  their  growing  margins  (Art.  62). 
On  the  larger  long  bones  these  growths  are  generally  found  at 
the  articular  ends,  and  near  the  cartilaginous  stratum  between 
diaphysis  and  epiphysis.  They  may  however  occur  in  any  other 
situation  —  for  example,  on  the  flat  surfaces  and  the  crest  of  the 
ilium,  on  the  ischium,  or  on  the  pubes. 

The  mode  of  origin  and  the  significance  of  these  and  other 
similar  formations  are  very  various.  The  occurrence  of  super- 
numerary ribs  is  taken  as  evidence  that  man  is  descended  from 
ancestors  who  possessed  a  larger  number  of  ribs,  and  in  this 
respect  one  is  reminded  of  the  structure  of  the  anthropoid 
apes.  The  enlargement  of  tuberosities,  crests,  and  the  like,  is 
regarded  as  merely  a  local  overgrowth  of  parts  whose  develop- 
ment is  normally  subject  to  wide  variations,  possibly  favoured 
in  certain  instances  by  some  excessive  traction  exercised  by  the 
muscles. 

The  causes  of  general  or  local  gigantic  overgrowth,  of  diffuse 
hyperostosis  of  the  cranium,  and  of  circumscribed  tumour-like 
osseous  formations,  are  for  the  most  part  still  unknown.  Some- 
times chronic  or  frequently  recurring  inflammation,  such  as  cuta- 
neous erysipelas  of  the  head  (ViECHOW),  appears  to  be  a  cause. 
In  other  cases  traumatic  injury  leads  to  osseous  hyperplasia. 
Cases  are  reported  in  which  a  kick  in  the  face  by  a  horse  (Btthl) 
or  an  operation  on  the  face  (Jouedain)  has  resulted  in  hyper- 
ostosis not  of  the  injured  part  only  but  of  the  entire  skull.  The 
phenomenon  is  not  unnaturally  accounted  for  by  the  assumption 
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that  in  these  particular  instances  the  periosteum  and  marrow 
possessed  an  inherited  predisposition  to  excessive  osteogenesis. 
As  regards  multiple  hyperostoses,  the  theory  of  inherited  pre- 
disposition seems  to  offer  the  only  explanation,  and  its  relevance 
is  rendered  probable  by  the  fact,  on  the  one  hand,  that  these 
hyperostoses  generally  make  their  appearance  during  the  period 
of  growth,  and,  on  the  other  hand,  that  they  frequently  run  in 
families.  When  multiple  hyperostosis  appears  for  the  first  time  in 
a  family,  it  is  probably  to  be  regarded  as  a  spontaneous  variation 
or  '  sport,'  to  be  classed  with  other  like  anomalies  of  development. 

References  on  Hypertrophy  of  the  Skeleton  and  on  Local  Overgrowths 

and  Exostoses. 

Ahlfeld  :  Die  MissUldungen  i  Leipzig  1880-82 

Bessel-Hagen  :  Anomalies  of  bones  and  joints  Langenbeck's  Arch.  41  1891 

VON  Buhl  :   Giant  with   cranial  hyperostosis   Mittheil.   Munchen.  path.   Inst. 

Stuttgart  1878 
Fischer  :  Cranial  hyperostosis  D.  Z.  f.  Chir.  xii  1880 
Frankel,  M. :  Pseudo-elephantiasis  V.  A.  iS  1869 
Friedreich  :  Hyperostosis  of  the  skeleton  V.  A.  43  1868 
Fritschb  and  Klebs  :  Pathologie  des  Riesenwuchses  Leipzig  1884 
Heymann:  Hereditary  multiple  exostoses  V.  A.  104  1886 
Khssler:    Case  of  lipomatous   macropodia  Inaug.   Diss.   Halle  1869   (with 

references) 
Laburthe  :  Les  exostoses  de  developpement  Paris  1871 
PoORE :  Hereditary  exostoses  Lancet  ii  1873 
ViRCHOw :  Krankhafte  Geschwiilste  ii  1865 
Weber,  C.  O.  :  Die  Exostosen  Bonn  1856 
WiTTELSHOEER  :  Gigantic  overgrowth  of  fingers  A.f.  klin.  Chir.  24  1879 

References  on  Bony  Hyperplasia  from  the  Hffects  of  Arsenic  and 

Phosphorus. 

GiES:  Influence  of  arsenic  A.f.  exp.  Path,  viii  1877 
Kassowitz  :  Z.  f.  klin.  Med.  vii  1883 

Maas  :   Tageblatt  d.  Leipzig.  Naturforscherversammlung  1872 
Wegner :  Influence  of  phosphorus  V.  A.  55  1872 
ZiPPBLius  :  D.  Z.  f.  Thiermed.  ii  1876 

58.  If  the  diaphysis  of  one  of  the  long  bones  becomes  chroni- 
cally inflamed  from  the  presence  in  it  of  a  tuberculous  focus  or 
of  a  necrotic  sequestrum  resulting  from  acute  osteomyelitis,  and  if 
the  inflamed  region  is  situated  not  too  near  the  epiphysial  carti- 
lage and  the  patient  is  young,  not  only  hyperostosis  of  the  diaphy- 
sis but  increased  longitudinal  growth  are  occasionally  induced. 
The  like  may  ensue  when  the  periosteum  and  marrow  of  the 
diaphysis  have  been  subjected  to  chronic  irritation  from  any  other 
cause,  such  as  a  cutaneous  ulcer,  or  the  insertion  of  metal  or  ivory 
pegs ;  but  the  irritation  must  be  neither  too  slight  nor  too  intense, 
and  the  resulting  inflammation  must  not  extend  to  the  end  of 
the  diaphysis  (Olliek,  von  Langenbeck,  von  Bekgmann,  and 
others). 
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In  exceptional  cases,  arthritis  results  in  morbid  overgrowth  in 
length  of  the  bones  contiguous  to  the  affected  joint  (von  Lang- 
BNBECK,  Weinlechnee,  Schott,  and  others).  According  to 
Ollier,  von  Langenbeck,  von  Bbrgmann,  Haab,  Weinlech- 
nee, Schott,  and  others,  inflammatory  elongation  of  one  bone 
sometimes  induces  similar  overgrowth  of  another  neighbouring 
bone. 

When  the  focus  of  inflammation  is  not  too  near  the  epiphysial 
cartilage,  the  excessive  longitudinal  growth  seems  to  take  place 
uniformly.  If  the  inflammatory  focus  is  nearer  the  growing  car- 
tilage, slight  irregularities  appear  in  the  formation  of  the  medul- 
lary cavities,  and  these  are  followed  by  similar  irregularity  in  the 
ossification.  This  may  occur  both  in  the  intermediary  or  epi- 
physial and  in  the  articular  cartilage :  in  both  situations  a  more 
or  less  complete  destruction  of  the  cartilage  is  the  result.  When 
the  growth  of  the  epiphysial  cartilage  ceases  the  bone  is  able  to 
increase  but  slightly  in  length,  the  articular  cartilage  even  in  very 
young  persons  producing  but  little  bone. 

When  it  lies  within  the  region  of  inflammation,  the  epiphysial 
cartilage  is  very  rapidly  destroyed.  In  suppurative  osteomyelitis 
it  sometimes  undergoes  complete  necrosis,  and  longitudinal  growth 
at  the  affected  end  naturally  comes  to  a  standstill. 

As  has  been  already  observed,  under  these  conditions  separa- 
tion of  the  epiphysis  is  brought  about. 

The  disorders  of  endochondral  ossification  produced  by  in- 
herited syphilis,  commonly  described  as  syphilitic  osteochon- 
dritis (Fig.  124),  have  attracted  the  attention  of  pathologists. 
In  the  slighter  forms  of  this  malady  there  are,  properly  speaking, 
no  definite  inflammatory  foci,  and  the  affection  consists  essentially 
of  irregularity  in  the  deposition  of  the  calcareous  salts  and  in  the 
formation  of  the  medullary  spaces.  In  the  severer  forms  t:ie 
neighbourhood  of  the  articular  cartilage  is  beset  with  greyish-red 
foci  of  osteomyelitis,  which  as  they  break  down  into  pus  become 
yellowish-white  or  yellowish-green.  These  are  of  various  sizes, 
and  within  them  the  osseous  trabeculae  are  necrosed  or  dissolved. 
The  disease  usually  attacks  the  lower  end  of  the  femur ;  next  in 
order  of  frequency  the  distal  ends  of  the  tibia  and  the  bones 
of  the  forearm  are  involved;  and  lastly,  the  other  parts  of  the 
skeleton. 

The  disorder  of  calcareous  deposition  consists  in  an  mter- 
ruption  of  the  zone  of  calcification  (Fig.  124  e)  by  scattered 
islands  of  uncalcified  (cT)  or  at  most  slightly  calcified  tissue,  whde 
in  other  situations  the  calcareous  deposits  extend  far  into  the  car- 
tilage. ,   ,^  J 

The  irregular  formation  of  the  medullary  spaces  proceeds 
pari  passu  with  the  irregular  calcification.  Here,  also,  the 
advancing  zone  is  not  evenly  formed,  and  some  of  the  medul- 
lary spaces  (c)  extend  deeply  into  the  substance  of  the  proliferous 
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cartilage.  As  these  medullary  spaces  are  generally  vascular,  the 
alteration  may  be  observed  with  the  unaided  eye ;  and  in  like 
manner  the  irregular  formation  of  the  whitish  zone  of  calcification 
is  often  very  clearly  recognisable. 


Fig.  124.    Syphilitic  osteochondritis. 

(Section  through  the  upper  border  of  the  diaphysis  of  the  tibia  in  a  new-born  child  affected 
with  hereditary  syphilis :  preparation  hardened  in  Mailer's  fluid  and  alcohol,  de- 
calcified with  picric  acid,  stained  with  haematoxylin  and  carmine,  and  mounted  in 
Canada  balsam :  x  50) 


o    proliferous  hypertrojjhic  cartilage 

6    foci  of  calcification  in  advance  of  the 

normal  zone 
e    medullary  spaces  beyond   the  normal 

limits 
d    uncalcified  islets  of  cartilage 


e    calcified  cartilage 

/    zone  of  formation  of  medullary  spaces 

and  dissolution  of  cartilage 
(/    remnants  of  calcified  cartilage 
h    mature  bone 


The  cartilage  itself  is  sometimes  unaltered,  but  at  times  it 
shows  signs  of  excessive  proliferation,  so  that  the  zone  of  prolifer- 
ous and  hypertrophic  columns  of  cartilage-cells  is  enlarged. 

Corresponding  to  the  alterations  in  the  cartilage,  the  transi- 
tional zone  (/~)  between  cartilage  and  bone,  consisting  of  medul- 
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lary  tissue  and  remnants  of  the  calcified  cartilaginous  matrix, 
IS  broadened  out  and  uneven.  The  trabeculae  are  sometimes 
scanty  and  slender,  sometimes  stout  and  numerous  ;  in  the  latter 
case  they  often  include  cartilage-cells  (^). 

The  elaboration  of  the  osseous  lamellae  on  the  side  of  the 
bone-marrow  is  more  or  less  retarded,  so  that  on  this  account  also 
the  transitional  zone  between  perfect  bone  and  cartilage  (/)  is 
broadened. 

By  the  formation  of  granulomatous  foci  of  disintegration,  the 
remnants  of  the  cartilaginous  matrix  and  the  new  osseous  trabe- 
culae may  be  more  or  less  completely  destroyed ;  while  portions 
of  the  cartilage  also  may  become  necrotic.  Occasionally  in  this 
manner  the  epiphyses  are  at  length  separated. 

Syphilitic  osteochondritis  is  a  frequent,  though  not  a  constant, 
concomitant  of  hereditary  syphilis  in  new-born  infants. 

Haab  and  Vbkaguth  have  described  cases  of  separation  of  the  epiphyses 
in  still-born  syphilitic  infants,  in  which  the  severance  occurred  within  the  epi- 
physial cartilage,  and  resulted  from  antecedent  disintegration,  fibrillation,  and 
fragmentation  of  its  substance.  According  to  their  observations  the  condition 
was  due  to  a  putrefactive  process,  which  may  pi'obably  affect  in  a  similar 
manner  still-born  putrefied  foetuses  that  are  not  syphilitic. 
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Waldeyer  and  Kobner:  Hereditary  syphihs  of  bone  F.  .4.  55  1872 
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59.     Rickets,  also  termed  rachitis,  or  the  "English  disease," 

is  a  general  disorder  of  nutrition  which  appears  during  childhood, 

.and  is  characterised  anatomically  by  increased  bone-resorption. 


FiQ.  125.    Rickets. 

(^Section  through  the  parietal  bone  of  a  two-year-old  child :  preparation  hardened  in 
Mailer's  fluid  and  alcohol,  cut  without  decalcification,  and  stained  with  haematoxylin 
and  neutral  carmine :  X  30) 


a    external  periosteum 

b    external  periosteal  deposit  of  bone 

c    region  of  the  outer  taWe 

d    region  of  the  spongy  diploe 

e     region  of  the  vitreous  lamella 

/   region  of   the  inner  periosteal  osteo- 

phytic  layer 
g    Internal  periosteum 
h  and  hi    trabeculae  of  osteoid  tissue 
i     remnants  of  old  bone 


Ic     superposition   of  osteoid  tissue  upon 

the  old  bone 
I      area  of  resorption,  with  osteoclasts 
m    newly-formed  bone  within  a  trabecula 

of  osteoid  tissue 
n     marrow  rich  In  cells  in  proximity  to 

the  old  bone 
0     marrow  poor  in  cells  but  rich  in  vessels 

within  the  periosteal  osteoid  tissue 


by  deficient  calcification  of  the  cartilages,  and  by  the  formation 
and  persistence  of  imperfect  uncalcified  bone  or  osteoid  tissue. 

As  has  already  been  more  than  once  remarked,  resorption  of 
the  osseous  tissue  already  formed  always  takes  place  during  the 
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period  when  the  bones  are  growing,  but  it  is  confined  to  definite 
regions.  In  rickets  the  state  of  things  is  so  far  altered  that  the 
amount  of  lacunar  resorption  is  excessive,  with  the  result  that 
in  marked  cases  considerable  portions  of  the  already-completed 
bony  skeleton  are  again  destroyed.  In  the  long  tubular  bones 
and  in  the  short  bones,  the  cortical  stratum  is  thereby  rendered 
more  or  less  osteoporotic,  and  the  osseous  trabeculae  of  the  can- 
cellous tissue  become  attenuated  or  disappear.  The  compact 
substance  of  the  flat  bones  of  the  skull  may  be  reduced  to  a  few 
lamellae  (Fig.  125  i),  so  that  the  characteristic  differentiation  of 
the  bony  structure  into  an  outer  and  inner  table  (compare  Fig. 
110  with  Fig.  125)  and  a  diploe  is  entirely  effaced. 

At  an  early  stage  peculiar  and  anomalous  processes  of  ossifi- 
cation are  associated  with  these  changes,  uncalcified  bone  or 
osteoid  tissue  being  abundantly  produced  and  deposited  on  the 
remnants  (i)  of  the  older  osseous  trabeculae  (/fc),  or  forming  new 
trabeculae  of  its  own  (A  h-^~).  These  new  trabeculae  are  elabo- 
rated by  the  bone-marrow  (A^)  and  the  periosteum  (A),  both  of 
which  are  highly  vascular  and  hyperaemic.  The  formation  of 
osteoid  trabeculae  within  the  marrow  takes  place  in  a  manner 
similar  to  that  observed  in  the  case  of  internal  callus  (Art.  45), 
except  that  no  such  striking  multiplication  of  osteoblasts  precedes 
the  appearance  of  the  compact  groundwork  of  the  bone.  The 
provisional  tissue  as  it  stands  is  more  directly  transformed  into 
osteoid  trabeculae.  Even  when  new  osteoid  tissue  is  deposited 
upon  old,  or  upon  persisting  bony  trabeculae,  the  provisional 
tissue  consists  not  only  of  epithelioid  osteoblasts,  but  also  of  fusi- 
form and  stellate  cells  with  a  fibrillar  intercellular  substance. 

The  trabeculae  (A)  elaborated  by  the  periosteum  are  formed 
in  a  manner  similar  to  the  trabeculae  of  external  callus  (Art.  45), 
in  other  words  they  originate  from  a  matrix  that  is  partly  cellular 
and  partly  fibro-cellular.  Cartilage  may  also  be  formed  in  the 
periosteum  of  the  long  bones,  and  this  later  on  becomes  trans- 
formed in  the  way  already  described.  The  marrow  of  the  myelo- 
genous and  of  the  periosteal  osteoid  tissue  consists  of  highly- 
vascular  partly  reticular  and  partly  fibrillar  connective  tissue, 
enclosing  free  round-cells. 

The  above-mentioned  processes,  in  somewhat  advanced  cases 
of  rickets,  lead  to  the  development  upon  the  surface  of  the  bones 
of  vascular  and  hyperaemic  tissue  of  spongy  texture,  which  though 
it  is  capable  of  resisting  moderate  pressure  with  the  finger  is  easily 
cut  through  with  the  knife.  It  is  specially  abundant  at  points 
where  periosteal  apposition  is  normally  active,  e.g.  on  the  diaphy- 
ses  of  the  long  bones  and  about  the  regions  of  active  periosteal 
growth  (Fig.  125  S)  on  the  exterior  of  the  flat  bones  of  the  skull. 

When  the  older  bone  has  been  subject  to  much  resorption 
(<?  d  e),  it  too  may  easily  be  cut  through  with  the  knife. 

The  trabeculae  of  osteoid  tissue  are  devoid  of  calcium-salts. 
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Fig.  12tj.    Rickets. 

(Longitudinal  section  through  the  line  of  ossification  of  the  upper  end  of  the  diaphysis 
of  the  femur  of  a  one-year-old  child,  suffering  from  rickets  of  moderate  severity  : 
preparation  hardened  in  Miiller's  fluid,  stained  with  haematoxylin  and  carmine,  and 
mounted  in  Canada  balsam :  x  60) 

a  unaltered  hyaline  cartilage  b  cartilage  in  the  first  stage  of  proliferation  c  zone 
of  columns  of  proliferous  cartilage-cells  d  columns  of  proliferous  hypertrophic 
cells  e  vascular  medullary  spaces  within  the  cartilage  /  calcified  cartilage 
g  osteoid  tissue  h  remnants  of  cartilage  amid  osteoid  tissue  i  trabeculae  of 
osteoid  tissue  devoid  of  calcium-salts  *;  trabeculae  formed  of  osteoid  and  com- 
pletely-ossified tissue       I  vascular  fibro-cellular  medulla 
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and  consist  of  a  fibrous  reticulated  matrix  (Kassowitz)  which 
stains  deeply  with  carmine,  and  contains  rather  large  bone-cor- 
puscles and  cells.  These  last  undergo  marked  fluctuations  as  to 
number,  and  are  distributed  sometimes  uniformly  and  sometimes 
irregularly.  So  long  as  the  rachitic  affection  persists,  these  tra- 
beculae  remain  free  from  calcium-salts,  or  take  them  up  only  at 
a  very  late  stage,  and  then  at  first  only  in  the  central  parts  (jn). 
Not  until  recovery  begins  does  complete  calcification  take  place, 
and  the  bone,  considerably  enlarged  and  thickened  by  the  luxu- 
riant periosteal  .overgrowth,  becomes  at  length  hard  and  rigid. 


Fig.  12T. 


Formation  of  a  medullabt  space  within  an  epiphysial  cartilage 
in  rickets. 


(Preparatim  hardened  in  Milller'a  fluid  and  alcohol  double-stained  with  haematoxylin 

^     ^  and  carmine,  and  mounted  in  Canada  balsam :   x  130) 

a    cartilage  6    medullary  space  c    vascular  processes  d    osteoid  tissue 

The  disorders  of  periosteal  and  myelogenous  ossification  in 
rickets  are  always  accompanied  by  corresponding  anomalies  of 
endochondral  ossification.  The  absence  of  a  zone  of  calcification 
at  the  line  of  growth  is  the  most  salient  feature.  In  severe  forms 
of  rickets  there-  may  be  no  calcareous  deposition  at  all.  In 
slighter  cases  of  the  disease  the  cartilage  still  shows  scattered 
islands  of  calcification  (Fig.  126/).  .    .  .i,^  ,^„p  nf 

A  second  characteristic  feature  is  enlargement  of  the  zone  of 
proliferation  in  the  cartilage  (J  .)  and  usually  of  the  cokmins 
of  hypertrophic  cells  (d).  A  third  feature  is  the  formation  of 
vascJlar  medullary  cavities  (e),  which  grow  out  m  an  entirely 
irregular  manner  from  the  bone-marrow  into  the  cartilage. 
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These  three  alterations  have  these  results — first,  that  the 
transition  from  cartilage  to  bone  is  not  indicated  by  the  usual 
white  line  (Art.  54),  its  place  being  occupied  by  at  most  a  few 
small  white  specks ;  and  secondly,  that  the  zone  of  proliferous 
cartilage,  distinguishable  from  the  inactive  cartilage  by  its  trans- 
lucency,  is  more  or  less  broadened.  At  the  same  time  the  line  of 
demarcation  between  cartilage  and  bone  is  not  even,  but  in  many 
places  distorted  and  interrupted,  the  medullary  spaces  extending 
visibly  for  very  various  distances  into  the  cartilage.  At  the  same 
time  blood-vessels  in  abnormal  abundance  penetrate  from  the 
perichondrium  into  the  cartilage. 

The  substitution  of  uncalcified  cartilage  by  medullary  spaces 
is  always  started  by  the  ingrowing  of  a  blood-vessel,  which  may 
be  naked  or  accompanied  by  groups  of  cells  (Fig.  127  c).  The 
changes  the  cartilage  thereby  undergoes  (compare  Fig.  85)  are 
exactly  similar  to  those  which  take  place  in  periosteal  cartilage 
in  process  of  ossification.  As  the  cartilaginous  capsules  rupture, 
the  cartilage-cells  become  free  and  are  changed  into  marrow-cells 
(Fig.  85  0. 

Where  the  cells  in  the  neighbourhood  of  new  vascular  spaces 
persist,  the  cartilage  may,  by  special  modes  of  transformation, 
assume  directly  the  appearance  of  osteoid  tissue  (Fig.  127  d  and 
Fig.  85  /).  When  the  proliferous  cartilage  has  been  coloured 
bluish- violet  by  double-staining  with  haematoxylin  and  carmine, 
the  osteoid  tissue  will  become  dark-red. 

With  the  increase  in  size  of  the  medullary  spaces  the  mass  of 
the  cartilage  naturally  decreases.  But  it  must  be  regarded  as 
characteristic  of  rickets  that  nevertheless  the  cartilage  is  neither 
completely  destroyed  nor  completely  transformed.  Trabeculae  of 
cartilage  (Fig.  124  A)  persist,  here  and  there,  between  the  medul- 
lary spaces,  and  we  may  say  that  the  more  severe  the  disease  the 
greater  is  the  number  of  these  residual  trabeculae. 

The  persisting  cartilaginous  trabeculae  are  gradually  changed 
into  osteoid  tissue  from  their  periphery  inwards,  and  at  other 
points  osteoid  trabeculae  are  formed  from  the  bone-marrow  (Fig. 
126  i)  at  the  same  time.  A  zone  of  osteoid  tissue  (Fig.  124  i) 
thus  arises  behind  the  area  of  proliferous  and  vascular  cartUage 
(c  c?),  whose  trabeculae  enclose  more  or  less  numerous  islets  of 
unaltered  cartilage  (A).  This  zone  may  reach  a  width  of  5,  10, 
or  15  millimetres,  or  even  more  in  the  long  bones,  and  forms  a 
highly-vascular  structure  which,  in  its  physiological  characters, 
corresponds  exactly  to  the  periosteal  osteophytic  layers,  and  offers 
a  certain  elastic  resistance  to  the  pressure  of  the  finger,  though  it 
yields  on  the  application  of  greater  force,  and  is  pliable. 

The  arrangement  of  the  osteoid  trabeculae  (Fig.  124  i)  is 
entirely  different  from  the  type  characteristic  of  normal  ossifica- 
tion (compare  Fig.  113),  and  in  form  also  they  are  entirely  differ- 
ent from  normal  osseous  trabeculae.     Their  increased  thickness 
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is  the  result  of  apposition  from  the  bone-marrow,  which,  in  the 
neighbourhood  of  osteoid  tissue,  and  sometimes  also  in  the  neigh- 
bourhood of  proliferous  cartilage,  contains  a  notable  proportion  of 
fibrillar  ground-substance,  enclosing  spindle-shaped  and  stellate 
cells  and  relatively  few  round-cells.  The  flat  and  spindle-shaped 
osteoblasts,  together  with  the  fibro-cellular  tissue,  play  the  part  of 
plastic  or  formative  material  deposited 
upon  the  osteoid  trabeculae. 

Deposition  of  calcium-salts  in  the 
osteoid  tissue  at  length  begins  to  take 


Fig.  128.    Adult  femuk  with  rachitic  cubvatube  of  the  diaphtsis. 
{Reduced  to  one-third  of  the  natural  size) 

Fig.  129.    Adult  femuk  with  rachitic  flexure  of  the  lower  epiphysis. 
{Reduced  to  one-third  of  the  natural  size) 

place  at  a  certain  distance  from  the  cartilage,  the  distance  vary- 
ing with  the  severity  of  the  rachitic  affection.  This  deposition 
alwavs  begins  in  the  centre  of  the  osteoid  trabeculae.  To  the 
purely  osteoid  tissue  is  thus  added  a  zone  of  osteoid  trabeculae 
(Fig.  124  Tc)  whose  centres  are  by  a  process  of  calcification  trans- 
formed into  true  bone. 
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The  resultant  effect  of  the  rachitic  disorder  of  ossification  on 
the  form  and  structure  of  the  skeleton  may  be  inferred  from  the 
nature  of  the  separate  processes.  The  abundant  proliferation 
of  the  epiphysial  cartilage  produces  thickening  of  the  articular 
ends  of  the  bones,  while  by  the  luxuriant  periosteal  formation  of 
uncalcified  osteophytes  the  diaphyses  of  the  long  bones  and  the 
external  strata  of  the  flat  bones  are  thickened.  After  the  rachitic 
process  has  ceased  the  bone  is  thus  abnormally  thick,  clumsy,  and 
heavy. 

The  softness  of  the  osteoid  tissue  produces  a  more  or  less 
free  mobility  of  the  cartilaginous  epiphyses  upon  the  diaphysis, 
on  account  of  which  at  times  the  ends  of  the  latter  are  sharply 
bent  (Fig.  129).     By  pressure  in  the  direction  of  the  axis  of  the 


Fig.  130.    Flat  rickety  pelvis. 

(The  sacrum  projects  far  into  the  pelvis,  the  posterior  spines  extend  over  the  posterior 
aspect  of  the  sacrum  farther  than  normal,  the  iliac  bones  are  small  and  diverge 
widely  in  front,  the  acetabula  are  directed  anteriorly :  two-fifths  of  the  natural  size) 

diaphysis,  the  soft  epiphysial  cartilages  are  at  the  same  time  de- 
pressed. Deficiency  of  longitudinal  growth  results  from  the 
irregularity  and  incompleteness  of  the  endochondral  ossification. 

The  rarefaction  of  the  cortical  and  cancellous  parts,  and  the 
lack  of  calcium-salts  in  the  newly-formed  periosteal  and  myelo- 
genous strata,  produce  softness  of  the  bones.  This  softness,  in 
the  long  bones  of  the  limbs,  and  in  those  of  the  thorax,  of  the 
shoulder,  and  of  the  pelvic  girdle,  gives  rise  in  the  early  stages  of 
rickets  to  easy  indentation  and  fracture,  and  in  the  later  stages  to 
flexure  and  curvature  (Fig.  128).  In  the  short  bones,  especially 
those  of  the  trunk,  flattening  may  result  from  compression. 

The  form  assumed  by  the  bones  of  the  extremities,  of  the  pelvic 
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and  pectoral  girdles,  and  of  the  vertebral  column,  is  determined 
chiefly  by  the  traction  of  muscles  and  by  the  weight  of  the  body. 
In  the  case  of  the  thorax,  in  addition  to  the  action  of  the  muscles 
of  respiration,  the  external  atmospheric  pressure  comes  into  play. 
As  the  result  of  these  various  stresses,  the  long  bones  of  the 
limbs,  and  especially  of  the  legs,  are  apt  to  become  curved  and 
distorted.  If  the  periosteal  ossification  is  that  which  is  most 
interfered  with,  the  diaphysis  becomes  evenly  curved  (Fig.  128)  ; 
if,  on  the  other  hand,  it  is  the  endochondral  ossification  that  is 
chiefly  disordered,  the  result  is  angular  flexure  or  oblique  dis- 


FiG  131     Rickety  (psbtoo-osteomalacio)  pelvis  with  the  pkomontoky  of  the 

SACRUM  SUNK  FORWARD. 

(The  acetabula  are  approximated,  the  symphysis  is  pressed  forward,  the  iliac  venters 
"■  are  small :  two-fifths  of  the  natural  size) 

placement  of  the  epiphyses  (Fig.  129).  The  pelvis,  in  less  severe 
cases  of  rickets,  is  usually  flattened  (Fig.  130),  the  sacrum  sink- 
ing into  the  pelvic  cavity  and  with  its  wmgs  forming  a  plane 
rather  than  a  concave  surface  at  the  posterior  portion  of  the  pel- 
vic inlet.  At  the  same  time  the  lower  portion  of  the  sacrum  is 
bent  sharply  forward ;  the  venters  of  the  ilia  are  small,  and 
diverge  anteriorly  from  each  other  ;  the  pubic  arch  is  wide ;  and 
the  acetabula  point  more  anteriorly  than  is  normal  J^  severe 
cases,  where  th«  pelvic  bones  are  very  soft  (lig- 131),  ^he  Prom- 
ontory of  the  sacrum  projects  sharply  forward  and  extends  inward 
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beyond  the  wings  of  the  sacrum,  the  acetabular  region  is  pressed 
inward,  and  the  symphysis  is  carried  forward ;  so  that  the  pelvic 
inlet,  as  in  osteomalacia,  becomes  heart-shaped.  This  form  is 
termed  the  pseudo-osteomalacic  pelvis. 

In  the  spine,  kyphotic,  lordotic,  and  scoliotic  curvatures  are 
produced  (Art.  60).  The  thorax  sinks  in,  especially  at  the  points 
where  the  ribs  join  the  cartUages.  The  bony  ribs  frequently  form 
a  re-entrant  angle  with  the  soft  proliferous  portions  of  the  costal 
cartilages.  When  this  deformity  of  the  thorax  is  extreme,  the 
sternum  is  thrust  forwards  like  a  keel,  forming  the  pectus  cari- 
natum,  or  pigeon-breast.  Occasionally,  the  sternum  also  sinks 
in  and  is  compressed  laterally,  so  that  a  concave  depression  is 
formed  at  its  lower  end ;  this  constitutes  the  infundibular  or 
funnel-shaped  thorax. 

When  resorption  of  the  flat  cranial  bones  has  been  excessive, 
particular  portions  may  revert  to  the  condition  of  membrane 
(jaraniotahes  rachitiea),  while  the  remaining  portions  are  com- 
posed principally  of  spongy  osteoid  tissue.  The  fontanelles  are 
accordingly  large,  while  the  sutures  appear  broadened,  pliant,  and 
membranous,  and  bordered  by  soft  edges.  Large  areas  of  the 
occipital  and  parietal  bones  are  sometimes  thus  softened,  and 
feel  like  mere  skin,  the  firm  and  resistent  bone  they  contain  being 
reduced  to  a  few  islands. 

Dentition  is  delayed  in  rickets.  The  disease  is  most  frequent 
in  the  first  and  second  years  of  life.  It  may  supervene  however 
up  to  the  tenth  year,  and  not  infrequently  osseous  changes,  which 
are  attributable  to  rickets,  make  their  appearance  at  the  time  of 
puberty,  and  induce  abnormal  pliability  of  the  bones. 

Kassowitz  maintains  that  rickets  is  an  inflammatory  disease  of  bone, 
which  starts  at  the  seats  of  osseous  apposition  and  gradually  affects  the  entire 
structure.  This  view  he  bases  upon  his  minute  researches  concerning  the  pro- 
cess. He  seeks  to  explain  all  the  pathological  phenomena  by  the  theory  that  the 
vascularity  of  the  osteogenic  tissues  is  morbidly  increased.  This  vascularity, 
in  its  turn,  is  due  to  a  peculiar  vulnerability  of  the  vessels  concerned,  in  which 
morbid  changes  are  induced  by  defective  nutrition,  as  well  as  by  noxious 
substances  circulating  in  the  blood. 

The  assumption  of  Kassowitz,  that  the  tissues  within  a  part  affected  with 
rachitic  disease  are  hyperaemic,  is  well-founded;  hyperaemia  is  however  not 
identical  with  inflammation,  and  the  entire  process  does  not  bear  an  inflamma- 
tory character.  The  increased  vascularity  is  only  a  symptom  or  concomitant, 
it  is  not  the  underlying  cause  of  the  phenomena  of  rickets. 

Most  authorities  regard  rickets  as  a  disorder  of  nutrition,  attributable 
mainly  to  a  deficient  supply  of  calcareous  salts  to  the  bones.  This  theory  finds 
support  in  various  observations  made  upon  animals.  For  example,  according 
to  ROLOFF,  rickets  is  induced  in  suckling  lambs  when  the  mother  is  fed  with 
food  deficient  in  lime.  Young  lions  and  leopards  become  rachitic  when  fed 
upon  flesh  from  which  all  bone  has  been  removed. 

The  cause  of  the  deficiency  in  calcium-salts  may  lie  in  absence  of  these 
salts  from  the  food,  in  lack  of  power  on  the  part  of  the  intestine  to  absorb 
them,  or  in  failure  of  the  system  to  utilise  them  properly  when  absorbed. 

According  to  Kiedel,  however,  the  absorption  and  excretion  of  lime  in 
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rachitic  and  in  healthy  children  fed  on  similar  diet  is  the  same.  The  essential 
cause  of  rickets  can  therefore  scarcely  lie  in  any  lack  of  power  on  the  part  of 
the  organism  to  assimilate  calcium-salts.  i-    "  uj. 

According  to  Salkowski  and  Seemann,  the  ingestion  of  an  excessive 
amount  ot  food  containing  potash  may  have  this  efCect,  as  phosphate  of  potas- 
sium combines  with  the  chlorine  of  the  blood-plasma  and  so  causes  therein  a 
defaciency  of  chlorides.  This  in  its  turn  leads  to  deficient  formation  of  hydro- 
chloric acid  in  the  stomach,  and  this  again  renders  the  solution  and  assimilation 
o±  the  calcium-salts  impossible.  According  to  the  investigations  of  Lehmann 
MuLLER,  and  Munk,  increased  excretion  of  phosphorus  and  of  lime  occurs  in 
starvation ;  the  bones  are  therefore  in  process  of  catabolic  disintegration. 
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60.  The  mature  forms  of  bones  and  joints  are  due  partly 
to  qualities  inherent  in  the  embryonic  basis  of  the  skeleton,  and 
partly  to  external  influences  exerted  upon  the  latter  during  its 
development  and  growth.  The  articular  ends  are  fashioned  be- 
fore the  joint-cavity  is  developed,  and  before  the  bones  are  liable 
to  any  relative  movement ;  vv^hile  projections  for  the  attachment 
of  muscles  arise  on  the  bony  surfaces  before  any  muscular  action 
takes  place.  To  this  extent  the  evolution  of  the  general  form 
is  dependent  upon  inherited  tendencies.  The  minuter  details  of 
form,  which  are  elaborated  during  the  period  of  foetal  growth, 
during  infancy  and  adolescence,  or  even  at  a  later  stage,  are  not 
inherited  but  acquired  as  the  bones  develope  in  relation  to  the 
structures  that  environ  them.     These  details  of  form  include  the 
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enlargement  of  the  rudimentary  tuberosities  and  ridges,  or  the 
formation  of  new  ones,  for  the  attachment  of  tendons  and  liga- 
ments, and  the  production  of  depressions  and  grooves  for  the 
lodgment  of  blood-vessels  or  other  soft  parts.  It  is  in  such 
details  that  individual  variations  and  peculiarities  of  form  consist. 
Abnormal  statical  and  dynamical  conditions  influencing  the 
skeleton  during  its  development  and  growth  produce  changes  of 
form  that  are  beyond  the  limits  of  individual  variation,  and  must 
accordingly  be  considered  as  pathological.  When  the  disturbing 
influences  act  during  intra-uterine  life,  the  child  may  be  born 
with  more  or  less  marked  deformity  of  the  skeleton.  Deformities 
arising  after  birth  appear  sometimes  in  early  childhood,  sometimes 
not  until  puberty  or  until  an  even  later  period. 


Fig.  132.    Congenital  hydrocephalus  in  a  child  about  one  tear  old. 
{Circumference  of  head,  63  centimetres :  reduced  to  two-fifths  of  the  natural  size) 

The  formation  of  the  cranial  portion  of  the  skull  is,  to  a  cer- 
tain extent,  dependent  upon  the  development  of  the  brain.  If 
the  brain  remains  small  and  ill-developed,  the  size  of  the  cranial 
cavity  will  remain  less  than  normal :  if  the  cranial  contents  are 
abnormally  bulky,  their  osseous  envelope  will  be  correspondingly 
enlarged.  An  excessive  development  of  nervous  tissue  or  the 
accumulation  of  liquid,  as  in  hydrocephalus  (Fig.  132),  may  pro- 
duce the  latter  deformity.  Where  the  brain  increases  rapidly  in 
size,  as  in  infantile  hydrocephalus,  the  growth  of  bone  may  be 
unable  to  keep  pace  with  the  enlargement  of  the  cranial  contents, 
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and  thus  a  greater  or  less  extent  of  the  skull  continues  to  be 
membranous ;  and  not  until  the  growth  of  the  brain  ceases  can 
complete  ossification  of  the  skull  take  place.  The  same  is  true  in 
regard  to  the  orbit,  whose  capacity,  like  that  of  the  cranial  cavity, 
depends  to  some  extent  on  the  bulk  of  its  contents.  Similar 
relations  may  be  shown  to  exist  between  other  parts  of  the  skele- 
ton and  the  soft  parts  related  to  them.  As  a  further  example  we 
may  take  the  thorax,  whose  form  depends  more  or  less  upon  the 
development  of  the  viscera  it  encloses. 

Bones  and  joints  that  at  birth  are  normally  formed  may 
nevertheless  become  deformed  during  their  later  development. 
Certain  parts  that  are  still  growing  may  be  overloaded,  while 
others  are  left  free  from  stress ;  as  a  consequence,  perfectly  sound 
bones  are  liable  to  become  changed  in  shape,  and  this  naturally 
happens  more  readily  when  the  bones  are  abnormally  soft  and 
yielding,  as  is  the  case  in  rickets.  Continuous  pressure  on  one 
side  of  a  bone  produces  retardation  and  occasionally  arrest  of 
growth,  or  even  resorption;  on  the  side  free  from  pressure,  on 
the  other  hand,  osseous  apposition  may  be  increased,  or  at  least 
not  diminished.  At  the  same  time  shrinking  and  shortening  of 
the  ligaments  and  muscles  take  place  on  the  side  that  is  pressed 
upon,  while  on  the  free  side,  which  is  under  tension,  the  ligaments 
lengthen  and  thicken. 

Scoliosis  (Fig.  133)  is  one  of  the  most  frequent  deformities 
of  the  skeleton  caused  by  inequality  of  pressure :  it  is  a  lateral 
curvature  of  the  spine,  the  commonest  form  being  that  in  which 
the  thoracic  vertebrae  are  bent  to  the  right,  with  compensatory 
bends  to  the  left  of  the  lumbar  and  often  also  of  the  cervical 
regions.  The  abnormal  statical  conditions  giving  rise  to  this 
deformity  may  be  furnished  by  excessive  distension  of  one  side  of 
the  thorax  by  a  pleural  effusion,  by  the  unilateral  development  of 
a  large  tumour,  by  unilateral  contraction  of  the  thorax  following 
the  absorption  of  a  pleural  effusion,  by  cirrhosis  of  the  lung,  by 
fixation  of  the  pelvis  in  an  oblique  position,  and  so  on.  But  it  is 
more  usually  due  to  a  frequently-assumed  and  finally  habitual 
faulty  posture  of  the  body,  such  as  constant  standing  on  one 
leg,  sitting  upon  one  buttock,  forcing  up  the  right  shoulder  by 
habitually  resting  the  right  arm  upon  a  table,  etc. 

If  the  bones  possess  a  certain  amount  of  pliability  (as  in 
rickets),  flattening  of  the  bones  and  ligaments  on  the  side  subject 
to  pressure  will  be  produced.  When  a  certain  amount  of  bending 
has  once  occurred,  and  the  centre  of  gravity  of  the  trunk  and 
head  has  thus  been  shifted,  the  curvature  rapidly  increases  and 
marked  lateral  deviation  takes  place.  This  is  usually  accom- 
panied by  posterior  protrusion  or  curvature  of  the  thoracic  spine, 
which  is  known  as  kyphosis  (Fig.  133).  Generally  the  verte- 
bral column  is  at  the  same  time  rotated,  so  that  the  bodies  of  the 
vertebrae  point  to  the  convex  side.     In  marked  kyphosis  the  ver- 
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tebrae  become  wedge-shaped.  Sometimes  ossification  of  the  liga- 
ments takes  place,  and  osteophytes  form  on  the  surface  of  the 
vertebrae. 

A  second  form  of  deformity  due  to  pressure  is  the  affection 
of  the  hip  described  as  coxa  vara  (Bruns).  This  consists  in  a 
bending  of  the  neck  of  the  femur  downwards  so  that  its  angle  of 
inclination  to  the  shaft  is  diminished  to  a  varying  extent.  The 
condition  is  due  to  abnormal  pliability  of  the  bone  from  rachitic 

disease  in  childhood  or  at 
puberty.  Genu  valgum 
(or  knock-knee)  belongs  to 
this  class  of  deformities ; 
it  is  a  unilateral  or  a  bilat- 
eral deformity  of  the  knee- 
joint,  in  which  the  femur 
forms  with  the  tibia  an 
obtuse  angle,  pointing  in- 
wards. This  condition,  like 
the  foregoing,  makes  its  ap- 
pearance during  the  period 
of  growth,  usually  between 
the  ages  of  two  and  four 
years  (^genu  valgum  infant- 
um), or  at  puberty,  from 
the  fourteenth  to  the  seven- 
teenth years  (^genu  valgum 
adolescentiurn) .  At  the  lat- 
ter age  it  is  especially  com- 
mon among  persons  who 
stand  much  and  at  the  same 
time  perform  hard  manual 
labour,  such  as  bakers', 
blacksmiths',  and  joiners' 
apprentices,  and  waiters. 

The  cause  of  the  angu- 
lar deformity  is  either  that 
the  external  articular  sur- 
faces of  the  tibia  and  of 
the  femur  are  retarded  in 
their  growth  or  actually  depressed  from  abnormal  pressure  on  and 
excessive  pliability  of  the  bone,  or  that  the  epiphysial  ends  of  the 
tibia  and  of  the  femur  (Fig.  129)  are  sharply  bent  outwards. 

Genu  valgum  may  also  occur  after  traumatic  separation  of  the 
epiphyses  with  dislocation  of  the  fragments,  or  after  reunion  in  a 
faulty  position  of  a  fractured  condyle  (^genu  valgum  traumatieum'). 
Lastly,  it  is  sometimes  due  to  carious  destruction  of  the  external 
condyle  of  the  femur  (^genu  valgum  injlammatorium),  and  to 
arthritis  deformans. 


Fig.  133.    Scoliosis  and  kyphosis  of  the 

SPINE. 
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Acquired  flat-foot,  or  pes  valgus  acquisitus,  is  another 
detormity  due  to  pressure :  it  consists  of  an  alteration  in  the 
shape  of  the  foot  during  the  period  of  growth,  whereby  the  bones 
forming  the  inner  border  of  the  plantar  arch  sink  in,  while 
the  entire  foot  is  at  the  same  time  rotated  outwards.  All  the 
factors  that  tend  to  induce  the  valgus  position  of  the  foot,  and 
such  postures  as  produce  undue  strain  on  the  arch  and  the  plantar 
and  tibialis  posticus  muscles,  aid  in  producing  flat-foot,  provided 
the  ligaments  and  bones  are  incapable  of  offering  a  sufBcient 
resistance.  Long  standing  (as  in  the  case  of  waiters,  smiths,  and 
joiners),  and  the  carrying  of  heavy  weights,  act  in  the  former 
manner.  Among  factors  of  the  latter  class  are  genu  valgum, 
rachitic  curvature  of  the  leg,  and  the  strained  positions  assumed 
in  stilt- walking  and  in  standing  on  the  narrow  rounds  of  a  ladder, 
when  the  instep  rather  than  the  ball  of  the  foot  is  used  as  the 
point  of  support.  In  this  case  the  pressure  is  applied  to  the 
anterior  part  of  the  calcaneum,  the  inner  border  of  the  plantar 
arch  being  unsupported,  with  the  result  that  the  foot  as  a  whole 
is  rotated  outwards. 

In  pes  valgus,  the  internal  lateral  ligament  and  ultimately 
the  astragalo-calcanear  ligament  are  stretched  and  elongated.  The 
fasciae  and  ligaments  of  the  plantar  surface,  and  especially  the 
calcaneo-scaphoid  ligament,  are  lengthened  by  the  sinking  in  of 
the  plantar  arch.  In  marked  cases  of  flat-foot  the  arch  disappears 
entirely,  and  the  sole  may  even  become  convex  downwards,  so 
that  in  the  standing  posture  the  scaphoid  rests  upon  the  ground, 
the  head  of  the  astragalus  projects  inwards  (Lobenz),  and  the 
astragalus  itself  seems  as  if  it  had  slipped  down  to  the  inner  side 
of  the  calcaneum.  The  tarsal  bones  and  their  articular  surfaces 
are  more  or  less  deformed.  The  superior  articular  ridges  of  the 
calcaneum,  of  the  scaphoid,  and  of  the  cuboid,  are  ill  developed. 
The  latter  is  also  stunted  in  its  antero-posterior  growth.  The 
displaced  head  of  the  astragalus  is  sometimes  entirely  free,  and 
as  it  is  unsupported  by  the  displaced  scaphoid,  it  is  borne  up 
only  by  the  stretched  and  thickened  astragalo-scaphoid  ligament 
(Volkmann). 

Hallux  valgus  is  also  to  be  regarded  as  a  pressure-deformity. 
It  results  from  the  wearing  of  pointed  shoes,  which  force  the 
great  toe  outwards,  and  often  push  it  beneath  the  second  toe. 

Deformities  of  the  articular  surfaces  of  the  bones  often  result 
from  contracture  or  paralysis  of  a  muscle  or  group  of  muscles, 
due  either  to  a  primary  myopathy  or  to  such  central  disorders  of 
innervation  as  result  in  muscular  changes  (neuropathic  contract- 
ures). Most  frequent  are  the  deformities  arising  from  paralysis, 
and  the  changes  thus  induced  are  generally  termed  paralytic 
contractures.  The  paralysis  usually  results  from  some  lesion  of 
the  central  nervous  system,  such  as  anterior  poliomyelitis  or  com- 
pression of  the  cord  from  caries  of  the  spine  :    it  may  however 
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be  the  result  of  some  lesion  of  the  peripheral  nerves,  due  for 
example  to  traumatic  injury. 

If  the  muscles  of  an  extremity  are  paralysed,  the  limb  will 
remain  in  the  position  into  which  it  naturally  falls  by  its  own 
weight.  A  paralysed  foot  assumes  a  position  of  plantar  flexion 
and  is  turned  inwards,  when  the  patient  lies  upon  his  back ;  it 
thus  takes  up  the  position  characteristic  of  pes  equino- varus.  If 
the  foot  remains  in  this  position  and  the  patient  is  young,  the 
plantar  flexion,  and  the  depression  and  inward  rotation  of  the 
outer  border  of  the  foot,  continue  to  increase  ;  the  plantar  fascia, 
the  tendo  Achillis,  and  the  calf -muscles  shorten,  while  the  articu- 
lar surfaces  of  the  bones,  subject  at  certain  points  to  persistent 
pressure,  and  at  others  unrestrained,  change  their  forms.     The 


Fig.  134.    Spondylolisthesis. 
{Sagittal  section  through  the  spinal  column :  after  Kleinwachtee) 

ultimate  result  is  that  the  foot  is  fixed  in  its  distorted  posture, 
and  forms  what  is  termed  pes  equino-varus  paralyticus. 

After  paralysis  of  the  calf -muscles  only,  the  same  condition  is 
apt  to  arise,  as  the  patient  usually  fails  to  exercise  the  extensor 
muscles  of  the  foot. 

In  like  manner  other  paralytic  deformities  may  be  brought 
about,  such  as  paralytic  flat-foot  and  talipes  calcaneus,  paralytic 
scoliosis,  paralytic  genu  valgum  or  genu  recurvatum.  Genu 
recurvatum  is  due  to  the  attempt  of  the  patient  to  stand  on  the 
paralysed  limb :  to  avoid  the  giving  way  of  the  knee-joint  by 
flexion,  he  brings  it  into  a  position  of  forced  extension,  in  which 
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it  is  maintained  by  the  weight  of  the  body  and  the  tension  of  the 
posterior  ligaments. 

The  particular  deformity  produced  by  a  given  paralysis  de- 
pends in  great  measure  on  the  position  spontaneously  assumed  by 
the  paralysed  limb,  and  on  the  manner  in  which  its  own  weight 
and  that  of  the  body  act  upon  it. 

Primary  and  cicatricial  contractions  of  the  fasciae  and  liga- 
ments, when  they  hold  the  joint  continuously  in  a  fixed  position, 
have  the  same  effect  as  muscular  contractures  and  paralyses. 

Spondylolisthesis  of  the  fifth  lumbar  vertebra  deserves 
special  mention  :  it  is  a  deformity  in  which,  by  the  action  of 
the  weight  of  the  trunk,  the  body  of  the  fifth  lumbar  vertebra 
and  the  portion  of  the  spinal  column  above  it  slip  forward 
over  the  base  of  the  sacrum  (Fig.  134).  At  first  the  vertebra 
slips  in  a  plane  parallel  to  the  adjacent  upper  face  of  the  lumbo- 
sacral-intervertebral disc.  But  with  increasing  dislocation  the 
vertebral  body  slides  farther  and  farther  into  the  true  pelvis,  and 
finally  comes  to  rest  with  its  basal  surface  upon  the  ventral  aspect 
of  the  sacrum,  while  its  dorsal  surface  lies  nearly  on  a  level  with 
the  basal  surface  of  the  sacrum. 

In  spite  of  the  displacement  of  the  body  of  the  fifth  lumbar 
vertebra,  its  lower  articular  processes  do  not  lose  contact  with 
the  articular  processes  of  the  sacrum.  The  vertebral  arch  with 
the  spinous  process  does  not  in  fact  take  part  in  the  spondylo- 
listhesis, the  anterior  half  or  body  of  the  vertebra  being  alone 
displaced.  This  dislocation  is  made  possible  by  the  elongation 
of  the  inter-articular  portion  of  the  arch  of  the  fifth  lumbar 
vertebra,  the  elongation  being  in  its  turn  a  result  of  the  pressure 
exerted  on  the  lower  part  of  the  vertebral  column  when  the  trunk 
is  in  the  erect  posture.  The  elongation  of  the  inter-articular 
portion  of  the  fifth  lumbar  vertebra  in  the  sagittal  direction  may 
occur  with  or  without  interruption  of  the  continuity  of  the  bone. 
In  some  cases  it  is  brought  about  by  traumatic  violence,  fracture, 
or  inflammation  (Strassbr)  ;  in  other  cases  it  is  due  to  anomalies 
of  development  in  the  laminae  and  inter-articular  parts  of  the 
arch  (Neugebaubb,  Chiaei).  It  is  often  impossible,  however, 
to  determine  the  cause  of  spondylolisthesis  in  a  given  case. 

In  this  connexion,  the  thoracic  deformity  known  as  funnel-breast 
(Ebstein)  should  be  noted.  In  this  the  lower  portion  of  the  sterno-costal 
region  assumes  a  cup-shaped  or  infundibular  form.  The  deformity  may  be 
congenital  or  acquired;  in  the  former  case  the  explanation  usually  given 
is,  that  it  is  due  sometimes  to  a  primary  disorder  of  development  in  the 
sternum  and  ribs,  sometimes  to  pressure  exerted  on  the  sternum  in  utero  by 
the  lower  jaw  when  the  foetal  head  is  strongly  flexed  upon  the  trunk,  or  by  the 
lower  limbs  as  they  are  drawn  up  tightly  against  the  body.  In  extraruterine 
life  the  condition  is  due  to  abnormal  softness  of  the  sternum,  such  as  is  caused 
by  rickets,  permitting  the  bone  to  yield  to  the  atmospheric  pressure  during 
inspiration  (Art.  59). 
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CHAPTER   XX 

TUMOURS,  CYSTS,  AND  ANIMAL  PARASITES  OP  BONE 

61.  All  the  primary  tumours  of  the  osseous  system  belong 
to  the  group  of  histioid  or  connective-tissue  tumours.  The  peri- 
osteum and  the  bone-marrow  form  the  matrix  for  the  development 
of  the  new-growth.  The  tissues  resulting  from  their  proliferation 
correspond  to  the  various  types  of  connective  tissue,  fibrous, 
mucoid,  cartilaginous,  and  osseous,  or  of  cellular  and  more  or  less 
vascular  sarcomatous  tissue.  All  forms  of  secondary  tumours 
are  met  with  in  the  bones  :  of  these  the  carcinomata  occur  by 
far  the  most  frequently. 


FiG   135     Osseous  resorption  and  apposition  in  the  neighbourhood  oe  a 

METASTATIC   CARCINOMATOUS  DEPOSIT   IN  THE  DIAPHYSIS  OF  THE  HUMERUS. 

.Preparation  ^^r.ene.^2,^U^^^^^^^^  -^^'  — ^ 

t    T:^^l'^l.ti:^l^^'\^,,,      \    o|o|S  an.  HowsMp-s  lacunae 
'"    ^blood^vS''^"  '  S    sTroma  onL  cancer 
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Tumours  of  bone  may  be  classified,  according  to  their  starting- 
point,  as  periosteal  or  myelogenous,  or  as  mixed  forms  originating 
simultaneously  in  tlie  marrow  and  in  the  periosteum.  The 
periosteal  forms  of  new-growth  arise  usually  from  the  osteo- 
genic layer  of  the  periosteum,  and  lie  between  the  bone  and 


Fig.  136.    Mtelogekous  osteosarcoma  op  the  tibia. 
{Seduced  to  three-fifths  of  the  natural  size) 

the  external  fibrous  layer  of  that  membrane.  These  tumours  are 
thus  sharply  marked  off  from  the  external  tissues.  In  other  cases 
the  growth  involves  the  external  layer  of  the  periosteum,  and  at 
a  later  stage  infiltrates  the  contiguous  tissues.     This  is  especially 
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apt  to  occur  in  the  development  of  cellular  sarcomata.  Periosteal 
tumours  are  usually  situated  upon  one  side  of  the  bone,  thoSfn 

tTet^gfowT  '  '°"^  '°"^  "^^  ""  ^''"P^^*^^^  ^^-'i^'  by 

K„f'^^^  ^^""^  lying  beneath  the  tumour  is  sometimes  unchanged, 
but  in  other  cases  the  osseous  tissue  more  or  less  completely  dis- 
appears, particularly  when  the  new-growth  penetrates  into  the 
Haversian  canals  or  is  developed  from  their  walls. 

Myelogenous  tumours  are  sometimes  sharply  marked  off  from 
tlie  surrounding  tissues,  and  sometimes  pass  gradually  into  them 


Fig.  137.    Osteosarcoma  of  the  cranium. 

(Reduced  to  one-half  the  natural  size} 

a    osseous     skeleton    of     the     principal      5    carious  area  beset  with  bony  spicules, 
growth  the  seat  of  a  secondary  tumour 

or  spread  in  a  diffuse  manner  through  the  marrow.  They  always 
cause  more  or  less  resorption  of  the  bony  tissue,  the  process  being 
of  the  lacunar  type  (Fig.  135  e):  halisteresis  has  not  yet  been 
shown  to  occur  in  this  connexion. 

While  the  interior  of  the  bone  is  being  destroyed,  new  bone 
(d)  is  simultaneously  being  produced  from  the  marrow  or  peri- 
osteum in  the  neighbourhood  of  the  tumour.  Even  when  the 
entire  thickness  of  the  old  bone  has  been  absorbed  by  the  progres- 
sive growth  of   the   tumour,  the  new-growth   may  still   be  sur- 
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rounded  by  a  bony  shell  (Fig.  136);  for  as  fast  as  the  bone  is 
destroyed  within,  new  osseous  deposits  are  produced  from  the 
periosteum  on  the  outer  surface.  The  girth  of  the  bone  is  thus 
increased,  and  the  bone  appears  distended  or  inflated.  As  the 
tumour  developes  the  osseous  layer  becomes  thinner.  Whether  the 
tumour,  when  its  diameter  exceeds  the  thickness  of  the  bone 
within  which  it  has  been  growing,  will  break  through  its  bony 
shell  or  not  depends  upon  the  firmness  of  the  periosteum  and 
the  rapidity  of  the  tumour's  growth.    The  periosteum  of  the  larger 


Fig.  138.    Section  through  an  osteoid-chondroma  or  the  humerus. 
{Preparation  as  seen  through  a  simple  lens :  double-stained  with  haematoxylin  and  eosin) 
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long  bones  is  capable  of  offering  great  resistance  to  penetration 
(Fig.  136),  and  often  covers  over  even  rapidly-growing  tumours 
with  a  shell  of  new  osseous  tissue.  But  it  often  happens  that 
the  osseous  covering  is  incomplete,  and  the  tumour  as  it  grows 
breaks  through  it  at  various  points.  The  periosteum  of  the 
flat  bones,  on  the  other  hand,  and  especially  those  of  the  cra- 
nium, seems  incapable  of  producing  much  in  the  way  of  an 
outer  shell,   and  consequently  myelogenous  tumours  projecting 
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above  the  surface  of  these  bones  are  nearly  always  devoid  of  an 
osseous  covering. 

Very  frequently  the  tumour  itself  produces  new  bone  (Fig. 
137),  and  this  in  a  manner  similar  to  that  described  in  connexion 
with  osseous  regeneration  and  hyperplasia.  There  is  however  a 
point  of  difference,  inasmuch  as  the  metaplastic  production  of  bone 
from  existing  tissue  occurs  much  more  extensively  and  frequently 
in  the  neoplastic  than  in  the  regenerative  process.  Connective 
tissue  and  cartilage  (Fig.  138  g  %)  are  the  tissues  most  frequently 
transformed  into  bone  (Ji  K),  although  bony  trabeculae  are  some- 
times formed  in  the  substance  of  cellular  sarcomatous  tissue.  At 
times  nothing  but  osteoid  tissue  is  produced.  The  matrix  often 
becomes  calcified  by  the  deposition  in  it  of  calcareous  salts  (Fig. 
139  c  d). 


Fig.  139.    Ossifying  large-celled  sarcoma  of  the  tibia. 
(Preparation  hardened  in  Muller's  fluid  and  alcohol,  stained  with  haematoxylin  and 

eosin,  and  mounted  in  Canada  balsam :  X  365) 
a    polymorphous  tumour-cells  c    trabeculae  of  the  stroma  with  fine  cal- 

6    alveolar  stroma  ^       careous  granules 

d    calcified  trabeculae 

Tumours  of  which  bone  is  the  chief  component,  the  softer  ele- 
ments playing  merely  the  part  of  medullary  tissue,  are  termed 
osteomata.  When  the  soft  tissues  form  the  most  important  part 
of  an  osseous  growth,  it  is  regarded  as  a  mixed  tumour,  and  a 
compound  term  expressing  this  fact  (such  as  osteo-sarcoma)  is 

used  to  describe  it.  ,      ,  ,        ,   ^,  ^ 

Tumours  of  bone  are  usually  single,  although  fibromata,  myxo- 
mata,  osteomata,  and  enchondromata,  as  well  as  many  varieties  of 
sarcomata,  at  times  develope  from  the  first  as  multiple  growths. 

As  regards  the  aetiology  of  osseous  tumours,  the  fact  that 
they  often  appear  as  the  result  of  traumatic  injuries  (as  m  callus- 
growths)  ,  and  of  inflammatory  processes,  is  worthy  of  note,     i  hey 
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are  moreover  apt  to  originate  in  situations  where  ossification  has 
been  irregular,  or  where  residual  portions  of  provisional  tissue, 
particularly  cartilage  (Virchow),  have  remained  unutilised  in 
the  process  of  ossification.  Such  residues  are  met  with  chiefly 
at  the  ends  of  the  diaphyses  of  the  long  bones,  and  there  the  rem- 
nants of  epiphysial  cartilage  sometimes  become  the  starting-point 
of  enchondromata. 

62.  Osteomata  are  usually  formed  in  the  periosteum,  and 
occasionally  in  the  bone-rdarrow.  In  the  former  situation  they  are 
called  exostoses  (Figs.  140  and  141),  in  the  latter  they  are  known 


Fig.  140.    Multiple  ivobt  exostoses  of  the  cranium. 
(Reduced  to  five-sixths  of  the  natural  size) 


as  enostoses.  When  exostoses  are  produced  directly  from  the 
periosteum,  they  are  spoken  of  as  fibrous  exostoses  (Fig.  140); 
when  cartilage  is  first  produced  and  the  bone  is  formed  from  this, 
they  are  known  as  cartilaginous  exostoses  (Fig.  141). 

The  tumour  may  be  composed  of  dense  and  compact  osseous 
tissue,  and  is  termed  a  compact  or  ivory  osteoma  (Figs.  140  and 
142) ;  or  it  may  be  spongy  and  cancellous,  and  is  then  a  spongy 
osteoma  (Fig.  141).  When  it  contains  medullary  cavities  of  con- 
siderable size,  like  those  of  the  long  bones,  it  is  termed  a  medullary 
osteoma. 
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Small  osteomata  are  conical,  rounded,  button-shaped,  or  mush- 
room-shaped (Fig.  140);  larger  ones  form  lobate,  tuberous 
(Figs.  141  and  142),  spinous,  or  pectinate  excrescences.  The 
latter  variety  usually  occurs  at  the  point  of  insertion  of  a  tendon, 
ligament,  or  fascia.  Fibrous  exostoses  are  covered  only  with 
connective  tissue  ;  cartilaginous  exostoses  are  capped  with  a  layer 
of  cartilage  as  well  as  with  connective  tissue.  The  first  form  is 
met  with  chiefly  on  the  skull  and  on  the  flat  bones  of  the  trunk ; 
the  second  variety  affects  the  diaphysial  ends  of  the  larger  long 
bones,  and  arises  from  the  periosteum  or  the  epiphysial  cartilages, 


FJG.    141.      CAKTltAGINOUS  EXOSTOSIS   OF  THE   UPPEK  DIAPHYSIAL  END  OF  THE  TIBIA. 

{Reduced  to  two-thirds  of  the  natural  size) 

from  residual  islands  of  cartilage,  or  from  the  articular  extremi- 
ties. They  are  at  times  congenital.  Cartilaginous  exostoses  m 
the  neighbourhood  of  joints  have  occasionally  a  capsule  which 
overlies  the  layer  of  cartilage,  and  corresponds  in  structure  to 
synovial  membrane ;  in  rare  cases  (Rindflbisch,  Fbhleisen)  it 
contains  free  cartilaginous  bodies.  The  growth  is  spoken  of  as 
a  bursate  exostosis,  and  is  probably  developed  from  the  articular 
cartilage  (von  Beb^mann)  or  from  some  embryonic  residue 
appertaining  to  the  joint  (Fehleisbn), 
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Enostoses  usually  occur  in  the  diploe  of  the  skull  and  in  the 
bones  of  the  face.  In  certain  cases  the  osseous  formation  pro- 
ceeds from  the  marrow  as  well  as  the  periosteum  (Fig.  142). 

Osteomata  usually  develope  during  the  period  of  juvenile 
growth.  Multiple  exostoses  have  more  than  once  been  observed 
in  new-born  infants  and  young  children,  and  may  be  hereditary 
(Art.  57). 

Fibromata  are  usually  periosteal,  less  often  myelogenous,  in 
their  origin.  They  occur  most  frequently  on  the  facial  and  cra- 
nial bones  bounding  the  buccal  and  nasal  cavities,  more  rarely  on 
the  bones  of  the  trunk,  and  still  more  rarely  on  those  of  the 


Fig.  142.    Ivory  ostboma  of  the  parietal  bone. 

(Frontal  section :  reduced  to  eight-ninths  of  the  natural  size) 

a    osteoma  6    calvarium 

limbs.  Such  tumours  are  nodular,  and  give  rise  in  the  first- 
named  situation  to  some  at  least  of  the  so-called  pharyngeal  and 
nasal  polypi.  The  richness  in  cells  and  the  firmness  of  the  tissue 
vary  greatly  in  different  tumours,  and  a  sharp  distinction  cannot 
always  be  drawn  between  them  and  the  sarcomata.  At  times 
these  polypi  are  highly  vascular,  especially  those  connected  with 
the  nasal  cavities,  and  some  varieties  are  accordingly  described  as 
telangiectatic.  In  some  instances  bone  is  developed  within  them, 
usually  in  the  form  of  trabeculae ;  in  the  periosteal  tumours  these 
occupy  the  deeper  parts,  and  are  sometimes  seated  upon  the  old 
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bone.     Such  growths  are  described  as  osteofibromata,  or  ossi- 
fying fibromata. 

Chondromata  grow  either  from  the  periosteum  or  within  the 
substance  of  the  bone.  They  may  originate  from  the  bone-mar- 
row or  from  pre-existing  cartilage,  such  as  epiphysial  cartilage 
(ecchondroma)  or  some  abnormally-persistent  residue  of  the  pri- 
mary cartilaginous  basis  of  the  bone  that  has  escaped  ossification 
(VlRCHOW). 

Chondromata  arise  with  greatest .  frequency  in  the  bones  of 
the  hand,  less  frequently  in  those  of  the  foot  or  other  part  of  the 
limbs  or  trunk,  and  still  more  rarely  in  the  bones  of  the  cranium. 
The  tumours  are  often  multiple,  especially  when  they  grow  from 
the  hands  or  feet,  and  are  commonest  in  children  and  young 
adults;  in  some  cases  they  are  congenital.  If  they  have  their 
origin  in  the  centre  of  a  bone  they  are  at  first  covered  with  a  bony 
shell ;  they  are  however  apt  to  break  through  this,  and  then  grow 
beyond  the  limits  of  the  bone.  They  form  nodose  or  tuberous 
excrescences,  and  occasionally  reach  a  considerable  size,  espe- 
cially when  they  grow  from  the  larger  long  bones,  the  ribs,  or 
the  scapula. 

Chondromata  are  very  liable  to  degenerative  transformations, 
such  as  fatty,  calcareous,  or  mucoid  change.  These  changes  may 
go  on  to  complete  dissolution  of  the  matrix  and  of  the  cells,  and 
cystic  cavities  filled  with  liquid  are  thus  produced.  Osteochon- 
dromata  are  produced  when  metaplastic  ossification  takes  place 
in  an  originally  cartilaginous  growth  (Fig.  138  f  h  k}.  Such 
tumours  develope  both  in  the  periosteum  and  in  the  bone-marrow 
(Fig.  136  a  b  c)  :  when  the  new-formed  osseous  trabeculae  are 
very  close  and  abundant  the  growth  acquires  an  extraordinary 
degree  of  hardness. 

Myxomata  and  myxofibromata  are  rare  tumours,  which 
arise  both  in  the  periosteum  and  in  the  bone-marrow.  In  the 
periosteum  they  form  rounded  growths  surrounded  externally  by 
a  layer  of  dense  connective  tissue.  "When  they  grow  in  the  mar- 
row they  destroy  the  bone,  and  by  complete  liquefaction  of  their 
substance  sometimes  give  rise  to  cysts.  They  occur  both  as  single 
and  as  multiple  growths,  and  sometimes,  as  in  the  femur,  appear 
simultaneously  in  the  periosteum  and  in  the  bone-marrow.  In 
the  denser  parts  of  a  myxoma  bone  may  be  developed,  producing 
an  osteomyxoma. 

Lipomata  are  very  rarely  met  with  in  the  bones. 

Sarcomata  are  the  most  common  of  bone-tumours,  and  they 
appear  in  various  forms.  We  have  first  the  group  of  myelo- 
genous sarcomata;  of  these,  if  we  take  note  only  of  the  most 
essential  differences,  there  are  four  types.  The  first  two  include 
sarcomata  that  are  either  soft  and  myeloid,  or  firm  growths  of  the 
ordinary  sarcomatous  structure.  These  are  found  chiefly  in  the 
bone-marrow  of  the  upper  and  lower  maxilla  (intra-osseous  epulis). 
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and  in  the  epiphyses  of  the  long  bones,  especially  of  the  tibia  and 
of  the  humerus.  They  rarely  start  in  the  diaphysis  itself ;  but  as 
they  grow  from  the  epiphysis  they  usually  invade  the  diaphysis. 
At  first  the  new-growth  produces  no  external  change  in  the  bone, 
but  induces  merely  a  kind  of  carious  destruction  of  the  cancellous 
tissue :  sometimes  the  weakening  of  its  structure  thus  induced 
leads  to  spontaneous  fracture.  As  the  growth  enlarges  it  dis- 
tends the  bone,  and  ultimately  takes  the  form  of  a  bulky  tumour 
(Fig.  136)  surrounded  by  a  shell  of  osseous  and  connective  tissue. 
At  times  this  envelope  gives  way,  and  the  soft  neoplastic  tissue 
grows  into  the  adjacent  structures. 

The  structure  of  myeloid  sarcoma  is  generally  that  of  the  soft 
small-round-celled  variety,  especially  in  the  long  bones.  The 
denser  forms  are  spindle-celled  or  fibromatous,  as  in  maxiUary 
sarcoma,  or  are  of  more  than  one  cellular  type.  Very  frequently 
the  several  parts  of  the  tumour  are  of  diverse  structure.  The 
firmer  fibro-cellular  or  spindle-celled  parts  often  contain  giant- 
cells,  and  the  growth  has  accordingly  been  called  giant-celled 
sarcoma,  or  tumeur  a  mySloplaxes  (Nblaton).  Often  the  entire 
tumour,  or  a  portion  of  it,  is  everywhere  permeated  by  wide  blood- 
vessels, and  its  tissue  is  then  said  to  be  telangiectatic.  At  times 
the  tumour  produces  small  trabeculae  or  larger  bars  and  spicules  of 
osteoid  tissue  or  of  bone,  and  then  becomes  an  osteoid-sarcoma 
or  an  osteo-sarcoma  as  the  case  may  be. 

When  the  tumour  has  reached  a  considerable  size,  as  happens 
chiefly  in  the  larger  long  bones  and  in  the  pelvis,  retrogressive 
changes  take  place  within  it,  such  as  fatty  degeneration,  haemor- 
rhage, haematogenous  pigmentation,  softening,  liquefaction,  and 
cystic  excavation.  In  certain  instances  the  greater  part  of  the 
tumour  thus  perishes,  and  the  osseous  capsule  enclosing  a  small 
quantity  of  tumour-tissue,  with  or  without  fragments  of  bone, 
alone  remains.  The  remnants  of  tumour-tissue  are  in  part  attached 
to  the  inner  surface  of  the  capsule,  in  part  traverse  it  as  ramifying 
strands  and  septa,  that  enclose  in  their  meshes  liquid  mingled  with 
solid  detritus,  of  clear  or  turbid,  pale  or  blood-stained  appearance. 

A  third  group  of  myelogenous  sarcomata  includes  the  alveolar 
varieties,  characterised  by  the  honeycomb  structure  of  their  fibrous 
stroma,  which  encloses  nests  of  relatively  large  sarcoma-cells. 
One  variety  of  alveolar  sarcoma,  that  appears  to  be  commonest  in 
the  bones  of  the  trunk  and  of  the  head,  has  a  firm  and  well- 
developed  stroma  ;  another,  chiefly  met  with  in  the  long  bones, 
and-  described  as  an  endothelioma  (Billroth,  Hildebrand, 
Deiessen),  has  a  delicately-formed  alveolar  framework.  The 
smaller  tumour-nodes  lie  hidden  within  the  bone ;  the  larger  tu- 
mours form  protuberant  cushion-like  outgrowths  from  the  surface, 
and  are  covered  with  periosteum. 

The  fourth  variety  of  myelogenous  sarcoma  is  met  with 
chiefly  in  advanced  life,  and  takes  the  form  of  multiple  whitish 
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spots  that  are  not  sharply  differentiated  from  the  surrounding  tis- 
sues. They  appear  most  frequently  in  the  bones  of  the  skull 
(Fig.  143)  and  of  the  trunk,  though  sometimes  nearly  all  the 
bones  of  the  skeleton  are  affected.  The  bony  tissue  is  destroyed 
at  the  spots  where  the  tumour  is  developing,  and  but  little  new 
bone  is  produced.  Cases  however  do  occur,  in  which  the  produc- 
tion of  new  bone  is  so  excessive  as  to  present  the  appearance  of 
eburnation.  The  cranial  bones  (Fig.  143)  and  the  bones  of  the 
spinal  column,  the  pelvis,  the  ribs,  etc.  may  be  beset  with  well- 
defined  excavations  of  various  sizes,  with  eroded  borders,  the 
tumour  itself  rising  little  if  at  all  beyond  the  edge  of  the  pit. 
This  peculiar  growth  is  a  small-round-celled  sarcoma,  with  the 
structure  of  a  soft  lympho-sarcoma,  and  like  the  latter  is  referred 
to  as  myeloma. 


Fig.  143.    Multiple  myelomata  of  the  cranial  vault. 
(^jfteduced  to  two-thirds  of  the  natural  size) 

Periosteal  sarcomata  are  soft  or  firm  new-growths,  of  the 
round-celled,  spindle-celled,  or  polymorphous-celled  type;  the  last 
two  forms  are  the  more  common.  They  may  occur  in  any  part  of 
the  skeleton,  the  denser  varieties  affecting  by  preference  those 
situations  in  which  fibromata  are  usually  found.  No  sharp  dis- 
tinction can  be  drawn  between  fibromata  and  periosteal  tumours 
of  this  kind.  They  are  usually  seated  upon  the  sides  of  the  bone, 
though  they  sometimes  entirely  surround  it.  Bony  tissue  is  often 
produced  in  them,  especially  in  the  parts  immediately  adjacent  to 
the  old  bone.  In  certain  cases  the  entire  tumour  is  permeated  by 
osseous  trabeculae;  of  these  some  lie  loose  m  the  tissue,  while 
others  are  framed  together  and  form  a  kind  of  skeleton  for  the 
tumour,  the  spicules  springing  in  radial  lines  and  plates  from  the 
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old  bone  (Fig.  137).     The  last-named  variety  is  called  osteosar- 
coma, or  ossifying  sarcoma. 

Sarcoma  of  bone,  and  in  particular  the  softer  varieties,  may- 
give  rise  to  metastases  both  in  the  bones  and  in  other  organs ;  but 
it  is  rare  for  sarcoma  starting  as  a  primary  growth  in  other  organs 
to  give  rise  to  metastases  in  the  bones. 

Chondrosarcomata  and  chondro-osteosarcomata  occur  as 
intermediate  or  mixed  forms. 

Pure  angiomata  are  very  rarely  met  with  in  bone  ;  but  many 
sarcomata,  especially  the  myelogenous  kinds,  contain  telangiectatic 
portions.  If  the  vessels  of  the  new-growth  are  very  abundant, 
the  tumour  may  during  life  exhibit  pulsation.  Haematomata 
are  occasionally  produced  by  haemorrhages  into  the  tissue  of  the 
tumour,  or  into  cysts  due  to  local  softening  of  it. 

Carcinoma  of  bone  is  never  primary,  though  it  is  common  as  a 
secondary  growth,  and  arises  either  by  the  direct  invasion  of  a 
carcinoma  growing  in  the  neighbouring  soft  parts  or  by  metastasis 
from  remoter  organs.  Invasion  by  direct  extension  is  exemplified 
in  the  case  of  the  skull,  the  sternum,  and  the  parts  of  the  ribs 
lying  directly  beneath  the  mamma,  i.e.  in  the  bones  adjacent  to 
favourite  seats  of  carcinoma.  Metastatic  growths  are  of  course 
met  with  in  the  most  diverse  situations. 

Carcinomatous  growths  take  the  form  either  of  circumscribed 
nodes  or  of  diffuse  infiltrations ;  in  the  latter  case  they  often  give 
rise  to  extensive  destruction  of  the  bone. 

Cancerous  infiltration  is  usually  accompanied  by  marked  pro- 
liferation of  the  periosteum  and  of  the  marrow,  and  the  sub- 
stance of  the  bone  is  destroyed  by  a  process  of  lacunar  resorption. 
The  bone  is  thus  gradually  replaced  by  a  cancerous  tissue  whose 
characters  correspond  generally  with  those  of  the  parent  tumour, 
though  sometimes  it  exhibits  peculiarities  referable  to  the  seat  of 
its  metastatic  development.  In  hard  or  scirrhous  carcinomata,  nu- 
merous uncalcified  or  osteoid  trabeculae,  together  with  calcified 
osseous  tissue,  are  formed  in  the  fibro-cellular  stroma  derived 
from  the  periosteum  and  the  bone-marrow.  The  place  of  the  old 
bone  is  thus  at  length  occupied  by  osteoid  tissue  and  more  rarely 
by  calcified  bone,  containing  cancer-nests  in  the  medullary  spaces. 
As  but  few  of  the  new  trabeculae  are  calcified,  the  bone  at  times 
presents  an  appearance  similar  to  that  seen  in  osteomalacia,  and 
accordingly  the  term  carcinomatous  osteomalacia  is  sometimes 
applied  to  this  condition.  In  medullary  carcinoma  new  bone  is 
rarely  formed,  and  the  process  takes  the  form  of  a  carcinomatous 
caries. 
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References  on  Tumours  of  Bone  (see  also  Art.  57). 
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BouissoN :  Pulsatile  tumours  These  Paris  1857 

Carrera  :  Essai  sur  les  tumeurs Jibroplastiques  des  os  Paris  1855 
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Grawitz  :  Sarcoma  V.  A.76  1879 

Hammer:  Primary  sarcomatous  ostitis  V.  A.  137  1894  (with  references) 

Heyfelder:  Fibroma  V.  A.  111856 

Hildebrand  :  Endothelioma  of  bone  D.  Z.f.  Chir.  31  1891 

Klebs :  Chondroma  V.  A.  SI  1865 

Lambl:  Sarcoma  V.  A.  81855 

LticKE :  Ossifying  angioma  D.  Z.  f.  Chir.  30  1889 

Markwald  :  Multiple  myeloma  (endothelioma)  Cent.  f.  allg.  Path.  1894 
(p.  859) 

MiJLLER,  Fr.  ;   Ueber  die  erectilen  Knochentumoren  Freiburg  1855 

Nasse  :  Sarcoma  V.  A.  9i  1883 

Nauwerck,  G.  :  Central  hyperplastic  angioma  of  the  femur  V.  A.  Ill  1888 

Nelaton  :  Tumeurs  a  mye'loplaxes  Paris  1860 

NoTHNAGEL :  Lymphadenia  ossium  Virchow's  Festschrift  (Internationale)  1891 

Orlow^:  Exostosis  bursata  D.  Z.f.  Chir.  31  1890 

Pujo :  Des  tumeurs  primaires  des  os  Montpellier  1871 

VON  Recklinghausen:  Multiple  enchondromata  of  the  bones  etc.  V.  A.  118 
1889 ;  Mutual  relations  of  osteomalacia,  osteoplastic  carcinoma,  etc.  Vir- 
chow's Festschrift  (Assistenten)  Berlin  1891 

RiCHET  :  Haematoma  A.  gen.  de  me'd.  iv  1864 

Rustizky:  Sarcoma  D.  Z.f.  Chir.  3  1873 

Saurel  :  Mem.  sur  les  tumeurs  des  gingives  connues  sous  le  nom  d'epulis  Paris  1858 

ScHLAPFER,  E. :  Das  Rippenchondrom  Leipzig  1881 

Senftleben  :  Fibroma  and  sarcoma  Langenbeck's  Arch.  1 

Spiegelberg  :  Multiple  sarcoma  of  the  bones  Inaug.  Diss.  Freiburg  1894 

Steudel  :  Multiple  enchondromata  Beitrage  von  Bruns  viii  1891 

Verneuil  and  Marchand  :  Art.  Moelle  Diet,  encyclop.  des  sci.  me'd.  2nd  series 
IX  1875 

ViRCHOw:  Chondroma  Deutsche  Klinikl86i,Monatsber.d.Akad.d.  Wiss.  Beriin 
1875,  and  Die  krankhaften  Oeschwiilste ;  Sarcoma  Deutsche  Klinik  1858, 1860 

Volkmann  :  Pilha  and  Billroth' s  Handb.  d.  Chir.  11  1872 

Wartmann  :  Rech.  sur  I'enchondrome  Paris  1880  (with  references) 

Weber,  C.  O.:  Die  Exostosen  und  Enchondrosen  Bonn  1856,  V.  A.  35  1865 

Weisflog  :  Callus-tumours  Beitrage  von  Bruns  x  1893 

WiELAND  •  Primary  multiple  sarcomata  of  the  bones  Inaug.  Diss.  Basle  1893 

Zahn:  Sarcoma  D.  Z.f.  Chir.  22  1885 

Ziegler:  Myxoma  and  chondroma  V.A.7S  1878 

63.  The  cysts  that  are  met  with  in  bones  are  almost  always 
of  the  variety  known  as  cysts  of  disintegration,  being  due  to  the 
dissolution  and  liquefaction  of  the  trabeculae  and  marrow  of  the 
bone,  or  of  tissue  newly  formed  within  it.  To  the  former  class 
belong  the  cysts  already  mentioned  as  arising  in  the  course  of 
osteomalacia,  to  the  latter  the  cysts  formed  in  osseous  tumours. 
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Disintegration  and  liquefaction  are  very  common  in  the 
substance  of  myelogenous  tumours,  fibromata,  osteo-fibromata, 
chondromata,  myxomata,  and  sarcomata.  Cysts  are  thus  pro- 
duced, containing  a  liquid  which  may  be  turbid  from  the  presence 
of  cellular  detritus  or  of  blood  and  the  products  of  its  disintegra- 
tion, clear,  mucoid,  or  more  like  serum  in  character.  As  we  have 
already  stated,  tumours  in  bone,  and  particularly  sarcomata,  may 
in  this  way  be  almost  entirely  destroyed,  leaving  only  multiloc- 
ular  cysts  with  an  enveloping  layer  of  bone  and  periosteum,  the 
interlocular  septa  being  composed  partly  of  sarcomatous  and  con- 
nective tissue  and  partly  of  bone. 

Maxillary  cysts  are  peculiar  growths  affecting  the  alveolar 
processes  of  the  upper  and  lower  jaws  :  they  will  be  referred  to  in 
relation  to  the  morbid  anatomy  of  the  mouth  (Art.  181). 

Of  the  animal  parasites,  Echinococcus  and  Cysticercus  cellu- 
losae  are  found  in  the  bones. 

The  former  is  most  frequently  met  with  in  the  long  tubular 
bones,  but  it  occurs  also  in  the  pelvic,  cranial,  and  vertebral  bones, 
and  in  the  phalangeal  bones  of  the  fingers. 

The  Eohinococcus  or  hydatid  occurs  both  in  the  form  of  single 
cysts  and  in  that  of  internal  or  external  daughter-cysts.  The 
hydatid  in  bone,  as  in  other  organs,  may  reach  a  considerable  size. 
By  the  formation  of  numerous  exogenous  cysts  a  bone,  such  as  the 
femur  or  tibia,  is  sometimes  thickly  studded  with  hydatid  vesicles, 
while  others  grow  up  beneath  the  periosteum.  The  presence  of 
the  enlarging  cysts  causes  pressure  and  consequent  atrophic 
resorption  of  the  bone.  When  the  hydatids  are  multiple  and 
numerous,  the  intervening  osseous  tissue  often  becomes  necrotic. 
Large  cysts  or  a  collection  of  numerous  small  cysts  may,  like 
neoplastic  growths,  cause  distension  or  '  inflation '  of  the  bone. 

Oystieercus  cellulosae  is  of  the  rarest  occurrence  in  bones. 

References  on  Cysts  of  Bone. 

BoSTROM  :  Festschr.  d.  Naturforscherversammlung  Freiburg  1883 
Froeiep  :  Chirurg.  Kupfertafeln  plates  438-440,  and  474  AVeimar  1820 
ScHLANGE :  Cysts  of  the  tibia  A.f.  Min.  Chir.  xxxvi  1887 
Schneider  :  The  theory  of  bone-cysts  Inaug.  Diss.  Berlin  1886 
ScHUH :   Die  Erkenntniss  d.  Pseudoplasmen  Vienna  1851 
ViRCHOW:  Monatsber.  d.  Akad.  d.  Wiss.  (phys.-math.  series)  Berlin  1876 
VoLKMANN  :  Piiha  and  Billrnth's  Handb.  d.  Chir.  ii 

ZiEGLER :  Subchondral  changes  in  arthritis  deformans  and  cysts  of  bone  V.  A, 
70  1877 

References  on  Hydatids  of  Bone. 

Hahn  :  Berl.  Min.  Woch.  1884 

MuLLER :  Beitrdge  von  Bruns  ii  1886 

Neisser  :  Die  Echinokokkenkrankheit  Berlin  1877 

Reszey:  D.  Z.f.  Chir.  vii  1877 

Schnitzler  :  Eohinococcus  of  bone  Internal,  klin.  Rundschau  1892 

ViRCHOW :   r.  A.79  1880 
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CHAPTER   XXI 
DEGENERATIONS  OF  THE  JOINTS  AND  SYNARTHROSES 

64.  The  primary  mode  of  union  between  the  several  bones  of 
the  skeleton  is  by  synarthrosis.  In  this  form  of  articulation  two 
parts  of  the  skeleton  are  united  by  tissue  differing  from  either 
part,  but  continuous  with  both.  The  uniting  tissue  is  developed 
from  the  plastic  germinal  material  that  is  not  destined  to  be 
utilised  for  bone-formation.  When  the  connexion  between  two 
bones  is  effected  by  means  of  fibrous  tissue,  we  have  a  syndesmo- 
sis; of  this  nature  are  ligaments,  interosseous  membranes,  and 
sutures.  If  the  uniting  tissue  consists  of  cartilage,  the  joint  is  a 
true  synchrondrosis;  if  partly  of  cartilage  and  partly  of  con- 
nective tissue,  it  is  described  as  a  false  synchrondrosis.  When 
at  a  later  stage  bone  is  developed  in  and  extends  across  the  syn- 
desmosis or  synchondrosis,  so  that  bones  previously  separate  are 
united  by  osseous  tissue,  the  result  is  called  synostosis. 

When  a  cavity  developes  between  two  adjacent  parts  of  the 
skeleton,  in  such  a  manner  that  the  contiguous  ends  of  the  bones 
are  separated  by  an  empty  space,  and  are  united  only  on  the  exte- 
rior by  fibrous  tissue,  we  have  a  movable  joint  or  diarthrosis.  The 
portions  of  the  bones  next  to  and  bounding  the  joint-cavity  are 
always  covered  with  cartilage.  The  fibrous  connexion  between 
the  bones,  the  articular  capsule,  consists  of  an  outer  layer  of  firm 
fibrous  texture,  the  capsular  ligament,  with  a  thin  inner  layer  of 
soft  and  highly-vascular  connective  tissue,  the  synovial  mem- 
brane, which  is  lined  on  its  inner  surface  with  a  layer  of  flat  cells, 
and  secretes  a  lubricating  liquid,  the  synovia.  In  many  places 
the  synovial  membrane  is  thrown  into  folds  and  villous  processes. 

The  degenerative  changes  that  affect  joints  and  synarthroses 
usually  concern  the  cartilage,  though  they  may  extend  to  the  con- 
nective-tissue components  also. 

Fatty  changes  not  infrequently  occur  in  the  cartilage  of  the 
diarthroses  and  synchondroses,  oil-globules  appearing  in  the  car- 
tilage-cells. The  degeneration  supervenes  both  in  states  of  gen- 
eral malnutrition  (as  in  old  age),  and  in  local  disorders  of  nutrition 
brought  about  by  disease  of  the  vessels  of  the  part,  by  inflamma- 
tion, and  the  like.  In  aged  persons  the  capsule  and  the  cells  and 
matrix  of  the  cartilage  may  likewise  undergo  a  form  of  hyaline 
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degeneration,  the  cartilage  with  its  cells  fusing  into  a  homogene- 
ous mass  or  breaking  up  into  hyaline  flakes.  The  change  is  looked 
upon  as  of  the  nature  of  amyloid  degeneration,  inasmuch  as  the 
degenerate  parts  give  the  characteristic  amyloid  reaction  with 
iodine  (Vikchow)  and  methyl-violet  (Weichselbaum).  Cal- 
careous deposits  are  met  with  chiefly  in  old  age  and  in  con- 
nexion with  chronic  inflammatory  disease,  and  appear  mainly 
about  the  margins  of  the  articular  cartilages,  in  places  where  the 
matrix  is  already  in  process  of  fibrillation  and  degeneration. 

After  haemorrhages  near  the  cartilage,  and  in  extreme  jaundice, 
amorphous  and  crystalline  masses  of  haematoidin  are  apt  to  be 
deposited  in  its  superficial  cells.  In  rare  cases  diffuse  patches  of 
brown  or  dusky  discoloration  appear  in  the  cartilage  :  this  condi- 
tion, known  as  ochronosis  (mxpo<}  yellow,  vo<to<;  disease),  results 
from  the  saturation  of  the  matrix  with  a  colouring  matter  whose 
source  is  still  a  matter  of  dispute. 

In  gout  (Art.  70)  chalky  masses  of  urates  in  the  form  of 
acicular  crystals  (Fig.  144)  are  deposited  in  the  matrix  and  cell- 
capsules  of  the  cartilage. 


Fig.  144.    Deposit  of  nekdle-likb  crystals  of  soDnjM  urate  in  as  articular 

CARTILAGE. 

{After  Lancereaux  :  x  200) 

In  the  degeneration  usually  spoken  of  as  mucoid  softening, 
the  cartilage  assumes  a  fibrillar  appearance  (Fig.  145  6),  probably 
because  the  cementing  substance  between  the  fibrillae  of  the 
matrix  is  liquefied,  and  so  acquires  a  different  refractive  power. 
In  a  section  parallel  to  the  general  direction  of  the  fibrillae  the 
matrix  presents  the  appearance  of  fine  striation  (6) ;  in  transverse 
section  it  appears  minutely  punctate  (d).  Frequently  with  the 
striation  is  associated  cleavage  of  the  matrix  into  larger  fibrous 
fasciculi  (Art.  73),  or  disruption  into  fragments  of  various  size 
(^),  which  are  later  on  broken  up  into  comminuted  granular 
masses  and  then  dissolve  entirely.  The  substance  of  the  cartilage 
may  also,  without  antecedent  fragmentation,  become  turbid  and 
disintegrate  into  a  mass  of  molecular  detritus. 

In  many  cases  the  cells  of  cartilage  in  process  of  softening  are 
entirely  destroyed,  after  undergoing  degenerative  transformations 
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of  various  kinds,  but  chiefly  fatty  changes.  Not  infrequently,  how- 
ever, proliferation  takes  place  at  the  same  time,  and  this  leads  to 
the  formation  of  groups  of  cells  (c)  enclosed  within  a  common 
mother-capsule. 

Softening  of  cartilage  is  of  very  frequent  occurrence  in  old  age ; 
it  is  most  commonly  observed  in  the  costal  cartilages.  The  cut 
surface  of  the  fibrillated  matrix  has  a  grey  translucent  appearance; 
but  when  calcification  is  associated  with  the  softening  the  section 
is  white  and  opaque.  When  in  particular  spots  the  cartilage  is 
completely  dissolved,  cystic  cavities  filled  with  liquid  are  formed. 

Softening  also  not  infrequently  takes  place,  in  advanced  age, 
in  the  articular  cartilages  and  in  the  synchondroses,  both  on  the 
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Fig.  145.    Senile  softening  of  cartilage. 

(Section  from  a  costal  cartilage :  preparation  hardened  in  Mailer's  fluid,  stained  with 
picro-carmine,  and  mounted  in  glycerine :  x  200) 

a  hyaline  cartilage 

6  fibrillated  matrix 

c  group  of  proliferous  cartilage-cells 

d  turbid  and  granular  matrix 

surface  and  in  the  layers  nearest  the  bone.  It  very  frequently 
accompanies  chronic  inflammation,  and  plays  a  very  important 
part  in  the  several  forms  of  chronic  arthritis  (Arts.  71-74). 

If  the  softening  cartilage  is  so  situated  that  vascular  tissue  is 
able  to  grow  into  it  from  adjacent  parts,  as  when  it  adjoins  the 
bone-marrow  or  the  perichondrium,  its  loss  of  substance  is  sooner 
or  later  made  good  by  new-formed  vessels  and  cells ;  and  thus  m 
the  place  of  the  tissue  destroyed  marrow  and  even  bone  is  ulti- 
matelv  formed.  Costal  cartilages  containing  softened  patches  m 
their  interior  are  for  this  reason  often  found  to  be  also  in  part 
ossified. 
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Cartilage  is  very  resistent  to  pressure.  Hence  aneurysms  of 
the  aorta  which  press  against  the  vertebral  column  or  the  ribs, 
and  thereby  cause  destruction  of  the  bone,  make  no  visible  im- 
pression upon  the  cartilage.  Under  very  long-continued  morbid 
pressure  the  cartilage  may,  however,  become  fibrillated  and  ulti- 
mately converted  into  fibrous  tissue.  In  like  manner  the  con- 
tinued absence  of  a  pressure  that  is  normal  causes  the  inactive 
cartilage  to  become  cloudy  and  fibrillated. 

Purulent  and  granulative  inflammations  easily  lead  to  erosion, 
caries,  and  necrosis  of  the  cartilage. 

The  fibrous  components  of  the  diarthroses  and  synarthroses 
are  subject  to  changes  analogous  to  those  observed  in  cartilage. 
Fatty  degeneration  of  the  cells,  pigmentation,  amyloid  degenera- 
tion (Weichsblbaum),  calcification,  incrustation  with  urates, 
disintegration,  and  ulceration,  all  occur  in  these  tissues  under  the 
same  conditions  as  in  cartilage. 

References  on  Degenerative  Changes  in  the  Articular  and 
other  Cartilages. 

BosTROM :  Ochronosis  of  cartilage  Virchow's  Festschrift  (Internationale)  ii  1891 

Ecker:  Softening  of  cartilage  A.f.  physiol.  Heilk.  ii  1843 

Flesch  :   Unters.  iiber  die  Grundsubstanz  des  hyalinen  Knorpels  Wurzburg  1880 

Gurlt:  Beitrdge  z.  pathol.  Anat.  d.  Gelenkkrankheiten  Berlin  1853 

Moll  :  Exper.  Unters.  iiber  den  anatomischen  Zustand  d.  Gelenke  bei  andauernder 

Immobilisation  derselben  Berlin  1885 
SoLGER :  Optical  behaviour  of  articular  cartilage  after  treatment  with  alcohol 

V.  A.  102  1885 ;   CircumceUular  and  intercellular  deposits  in  cartilage 

A.f.  mikrosk.  Anat.  xxxiv  1889 
TiLLMANS  :  Structure  of  cartilage  A.f.  Anat.  1877 
Virchow:  Amyloid  degeneration  of  cartilage  Wurzburg.  Verhandl.  vii,  V.  A.  S 

1855 ;  Softening  of  cartilage  F.  4.  4  1852;  Ochronosis  V.  A.  35  1866 
Zahn  :  Pigmentary  deposits  in  cartilage  V.A.'72  1878 

65.  When  the  matrix  of  the  cartilage  undergoes  softening 
and  dissolution,  its  cells  retaining  their  vitality,  blood-vessels 
sometimes  penetrate  into  the  softened  region  at  the  same  time  or 
soon  afterwards.  Under  these  conditions  the  cartilage-cells  may 
continue  to  live  (Fig.  146  c),  and  by  their  proliferation  and 
metaplasia  form  an  integral  portion  of  the  tissue  which  ulti- 
mately takes  the  place  of  the  cartilage. 

Mucoid  tissue  is  that  which  is  usually  formed  by  the  meta- 
plasia of  cartilage.  It  consists  of  a  network  of  stellate  cells 
(S),  in  the  meshes  of  which  is  a  liquid  containing  mucin.  If  at  a 
later  stage  cells  brought  by  the  blood,  or  introduced  from  pro- 
liferous tissue  in  the  neighbourhood,  collect  in  the  interstices  of 
the  cellular  network,  the  tissue  acquires  more  and  more  the  char- 
acters of  lymphoid  marrow.  It  is  partially  changed  into  fatty 
marrovr  by  the  conversion  of  the  cells  of  the  network  into 
fat-cells.  When  the  tissue  becomes  markedly  fibrillar,  its  texture 
resembles  that  of  fibrous  connective  tissue. 
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Metaplasia  occurs  very  frequently  in  the  articular  cartilages, 
both  as  an  idiopathic  (generally  senile)  disorder  of  nutrition  and 
as  an  accompaniment  of  various  chronic  inflammatory  processes. 

If  the  cartilage  is  freely  permeated  by  medullary  spaces  con- 
taining blood-vessels  extending  from  the  adjacent  marrow-tissue, 
the  intervening  cartilaginous  bridges  and  cancelli  are  often  con- 
verted directly  into  osseous  trabeculae.  In  this  manner  the 
cartilage  is  replaced  by  cancellous  bone. 

In  many  chronic  disorders  of  nutrition  affecting  the  joints  and 
synchondroses,  the  hyaline  cartilage  is  converted  directly  into 
fibro-cartilage,  and  liltimately  into  ordinary  connective  tissue, 
whose  fibres  are  arranged  in  parallel,  wavy,  or  interlacing  bundles. 
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Fig.  146.    Metaplasia,  of  cartilage  into  mucoid  tissue  in  fungous  arthritis. 

(Preparation  hardened  in  Miiller's  fluid,  stained  with  haematoxylin,  and  mounted 
in  Canada  balsam :  x  400) 

c  cartilage-cells  liberated  by  the  dissolu- 
tion of  the  matrix,  and  converted  into 
mucoid  tissue 


hyaline  cartilage 

tissue  composed  of  stellate  cells 


This  is  especially  the  case  in  chronic  rheumatic  polyarthritis 
(Art.  74-),  and  in  tuberculous  disease  of  the  joints  during  the 
process  of  repair. 

Changes  similar  to  those  just  described  in  reference  to  car- 
tilage take  place  in  the  fibrous  structures  of  the  joints,  syndes- 
moses, and  sutures.  Thus,  for  example,  the  villous  synovial 
fringes  may  be  converted  into  adipose  tissue,  by  free  assimilation 
and  inclusion  of  fat  into  their  substance.  Ossification  takes  place 
chiefly  in  the  sutures,  where  it  is  indeed  a  physiological  process. 
It  is  to  be  regarded  as  pathological  only  when  it  takes  place 
prematurely,  or  where  it  occurs  in  syndesmoses  that  normally 
remain  unossified  throughout  life. 
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CHAPTER   XXII 
REGENERATION  AND  HYPERTROPHY  IN  JOINTS 

66.  Regenerative  proliferation  takes  place  both  in  the  car- 
tilaginous and  in  the  fibrous  components  of  the  joints,  but  attains 
any  considerable  extent  in  the  latter  only.  The  restoration  of 
cartilage  that  has  once  been  destroyed  is  usually  very  imperfect. 

Hypertrophic  proliferation  may  occur  in  the  articular  car- 
tilage as  well  as  in  the  fibrous  tissues  of  the  joint,  and  in  both  is 
apt  to  attain  considerable  dimensions.  The  overgrowth  may  be 
general  or  local :  in  the  cartilage  it  gives  rise  to  nodose  or  tuber- 
ous prominences,  in  the  articular  capsule  and  the  synovial  mem- 
brane to  diffuse  thickenings  or  to  papiUary  excrescences.  These 
overgrowths  are  the  most  characteristic  appearances  of  the  disease 
known  as  chronic  arthritis  deformans  (Art.  73).  For  the  rest, 
hypertrophy  of  the  fibrous  structures  appears  for  the  most  part 
in  connexion  with  ordinary  articular  inflammations,  and  in  the 
course  of  tuberculous  arthritis.  It  results  in  the  formation  of 
new  connective  tissue,  and  sometimes  of  cartilaginous  and  osseous 
tissue. 

When  a  costal  cartilage  is  injured  in  any  manner,  none  but 
degenerative  changes  are  usually  induced  at  the  seat  of  the  lesion. 
These  consist  in  swelling  of  the  cells,  vacuolation,  granular  tur- 
bidity, fatty  degeneration,  and  disintegration.  Only  in  rare 
instances,  and  then  only  in  young  persons,  does  proliferation 
appear  in  proximity  to  the  zone  of  degeneration,  and  it  is  always 
confined  within  narrow  limits.  The  fracture  of  a  costal  cartilage 
does  not  heal  by  regenerative  proliferation  of  the  cartilage  itself, 
the  broken  ends  being  united  only  by  means  of  proliferation 
starting  from  the  perichondrium  ;  this  produces  fibrous  tissue 
and  bone,  but  never  cartilage. 

If  a  fragment  of  cartilage  within  a  joint  is  detached  by  vio- 
lence, the  defect  thereby  caused  is  never,  or  at  most  very  imper- 
fectly, made  good  by  new  cartilage.  When  the  defect  extends  to 
the  spongy  tissue  of  the  bone,  or  approaches  the  periosteum,  the 
hiatus  is  filled  up  with  new  connective  tissue,  though  even  then 
a  depression  usually  remains  at  its  site.  The  like  happens  when 
the  fracture  involves  both  bone  and  articular  cartilage. 

Loose  fragments  of  cartilage  detached  from  the  articular  sur- 
face, or  loose  fragments  of  bone  covered  with  cartilage,  do  not 
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as  a  rule  unite  again  with  the  original  surface  of  rupture,  but 
either  form  loose  bodies  that  are  movable  within  the  joint,  or 
become  attached  to  the  synovial  membrane  by  new-formed  vas- 
cular connective  tissue,  which  covers  them  over  with  a  fibrous 
envelope  (Art.  67). 

When  a  joint  is  subjected  to  traumatic  violence,  the  capsule  is 
either  bruised  and  overstretched,  or  its  continuity  is  broken  by  a 
more  or  less  extensive  rent.  In  sprains,  the  ligaments  are  over- 
stretched and  forcibly  elongated,  and  some  of  their  fibres  are 
ruptured.  In  traumatic  luxation  or  dislocation  the  articular 
ends  of  the  bones  are  either  completely  or  partially  (as  in  subluxa- 
tion) displaced  from  their  normal  positions,  and  their  mutual  rela- 
tions are  disturbed.  Such  displacements  are  of  course  possible 
only  when  they  are  accompanied  by  considerable  laceration  of  the 
soft  tissues.  In  complete  dislocation  the  laceration  is  so  exten- 
sive that  the  head  of  the  bone  escapes  through  the  rent  in  the 
articular  capsule.  Occasionally  the  articular  cartilage  and  the 
bone  are  injured  at  the  same  time  (complex  dislocation). 

The  first  results  of  the  injury  are,  as  in  fracture  of  bone,  more 
or  less  severe  haemorrhage  from  the  torn  vessels,  and  subsequent 
inflammation ;  these  give  rise  to  effusion  into  the  joint,  and  to 
infiltration  of  the  articular  capsule  and  the  adjoining  tissues. 
If  the  injury  is  not  complicated  by  septic  infection,  which  is 
especially  liable  to  occur  in  articular  injuries  and  luxations  asso- 
ciated with  penetrating  wounds  of  the  skin,  the  inflammation  at 
no  time  reaches  a  high  degree  of  severity,  and  sooner  or  later 
passes  away,  the  extravasated  blood  and  the  inflammatory  effusion 
being  re-absorbed.  Only  in  very  rare  cases  do  small  residues  of 
the  extravasation  and  effusion  remain  unabsorbed,  and  these,  by 
the  action  of  immigrant  cells,  are  afterwards  converted  into  loose 
seed-like  bodies  of  firm  texture,  resembling  that  of  dense  fibrous 
tissue  (Art.  77). 

When  a  dislocated  limb  is  promptly  returned  to  its  proper 
position,  regenerative  processes  are  very  soon  set  up  in  the  capsule: 
the  rent  in  the  capsule  is  thus  repaired  and  the  ruptured  liga- 
ments are  reunited.  The  new-formed  material  is  plastic  cellu- 
lar tissue,  which  in  course  of  time  is  converted  into  connective 
tissue  resembling  that  of  the  rest  of  the  capsule.  An  excess  of 
new  tissue  is  at  first  thrpwn  out ;  but  after  the  lapse  of  months 
or  years  the  capsule  generally  resumes  its  normal  appearance. 
Lesions  of  the  articular  structures  produced  by  sprains,  contu- 
sions, penetrating  wounds,  etc.,  and  ruptured  synarthroses,  are 
repaired  in  a  similar  manner.  Any  tissue  that  has  been  killed 
outright  by  the  injury  or  has  undergone  necrosis  is  resorbed. 
Simultaneous  fissures  or  fractures  of  the  intra-articular  parts  of 
the  bones  heal  in  the  manner  already  described  in  Art.  45. 
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References  on  the  Repair  of  Injuries  to   Cartilage. 

Earth  :  Regeneration  of  hyaline  cartilage  Cent.  f.  med.  Wiss.  1869 

BoHM :  Normal  and  morbid  anatomy  of  the  joints  Inaug.  Diss.  Wiirzburg  1868 

Ewetzky:  Inflammation  of  cartilage   Unters.  Zurich,  pathol.  Inst,  iii  Leipzig 

1875 
Flesch  :  Grundsubst.  d.  hyalinen  Knorpels  Wiifzburg  1880 
Gbnzmer  :  Cicatrisation  of  cartilage-wounds  V.  A.  Ql  1876 
ScHWALBE :  Sitzungsher.  d.  Gesell.ich.  f.  Med.  u.  Naturwiss.  Jena  1878 
Spite  :  Fractures  compliquees  des  cartilages  diarthrod.  Paris  1881 
TizzONi :  Pathological  histology  of  cartilage  A .  per  le  scienze  med.  ii  1877 

67.  When  the  ends  of  two  bones  lying  within  a  joint  are 
removed  by  resection,  and  the  cut  surfaces  are  firmly  and  rigidly 
apposed,  proliferation  promptly  sets  in  about  the  site  of  the 
operation,  provided  septic  infection  be  excluded.  The  changes 
thus  induced  are  similar  to  those  attending  simple  fracture,  differ- 
ing only  in  the  fact  that  the  production  of  plastic  or  germinal 
tissue  is  confined  within  moderate  limits.  If  the  bones  are  in  the 
end  firmly  and  permanently  united  by  tissue  springing  from  the 
periosteum  and  the  bone-marrow,  the  result  is  termed  ankylosis. 
When  the  uniting  substance  consists  merely  of  connective  tissue, 
we  have  fibrous  ankylosis ;  when  bone  also  is  formed  in  it,  the 
term  bony  ankylosis  is  applied  to  the  union. 

If  the  resected  ends  are  not  kept  rigidly  apposed,  and  relative 
movement  is  permitted,  the  two  bones  will  ultimately  become 
united  by  flexible  tissue.  This  leaves  them  free  to  move  one 
upon  the  other,  and  accordingly  a  more  or  less  perfect  new  joint, 
or  nearthrosis,  is  produced  between  them. 

Osseous  resorption  and  apposition  ensue  in  the  resected  ends, 
and  the  bones  are  thereby  to  a  varying  extent  altered  in  form. 
In  certain  cases  the  ends,  in  the  course  of  some  months,  assume 
forms  whose  configuration  somewhat  resembles  that  of  the  normal 
joint-surfaces. 

At  an  early  stage  the  free  surfaces  of  the  bones  are  covered 
over,  from  the  periphery  inwards,  with  connective  tissue  derived 
in  part  from  the  bone  but  mostly  from  the  periosteum.  The 
opposed  layers  of  connective  tissue  sometimes  become  coherent, 
and  thus,  if  the  joint  is  kept  fixed  in  one  position,  establish  a  firm 
union  between  the  ends  of  the  bones.  In  certain  cases,  if  suitable 
relative  movements  of  the  bones  are  kept  up,  a  cavity  is  formed 
between  them.  The  cavity  has  smooth  walls,  and  is  either  single 
or  subdivided  by  membranous  adhesions.  Such  a  cavity  fulfils 
the  function  of  a  new  joint-cavity,  and  sometimes  even  contains  a 
liquid  resembling  synovia. 

The  connective  tissue  that  covers  the  ends  of  the  bones  is 
usually  firm,  dense,  and  fibrous.  In  young  persons,  hyaline  carti- 
lage and  fibro-cartilage  are  sometimes  developed  in  it  (LtJCKE, 
CzEENY,  Weichselbaum).  In  some  cases  this  formation  extends 
over  the  larger  portion  of  the  free  surfaces. 
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After  resection  of  the  head  of  a  bone,  its  socket  or  acetabulum 
being  preserved,  changes  analogous  to  those  above  described  occa- 
sionally take  place. 

References  on  the  Formation  of  New  Joints  after  Resection. 

Bajardi  :  A .  ital.  de  hiol.  i  1882 

Beck:  Langenbeck's  Arch,  v  1864 

CzERNY  :  ibidem  xiil  1871 

DouTRBLEPONT  :  ibidem  vi  1865,  Bed.  klin.  Woch.  1867 

Jagbtho:  D.  Z.f.  Chir.  4  1876 

VON  Langenbeck:  Langenbeck's  Arch,  hi,  :s.vi  ;  Deutsche  Klinik  :x\i  IBGi 

LijCKE  :  Langenbeck's  Arch,  xvi  1874 

Ollier  :  Traite  de  la  regeneration  des  os  ii  Paris  1867,  Bulletin  Soc.  de  chir.  viii 

Paris  1882 
Sack  :  Regenerative  processes  in  the  hip-joint  after  resection  D.  Z.  f.  Chir.  32 

1891 
Sander  :  Langenbeck's  Arch,  xi  1869 
Shoemaker  :  Langenbeck's  Arch,  xvii  1875 
Wagnee  :  Ueber  den  Heilungsprocess  nach  Resection  der  Knochen  Berlin  1853 

(trans,  by  Holmes  :  Process  of  repair  London  1859) 
Weichselbaum  :  Langenbeck's  Arch,  xvi  1874 

68.  When  large  portions  of  the  tissues  of  a  joint  are  destroyed 
by  inflammation  or  other  morbid  process,  while  (at  the  same  time 
or  subsequently)  other  portions  undergo  proliferation,  an  intra- 
capsular ankylosis  may  be  formed,  and  the  ends  of  the  bones 
are  thereby  fixed  in  one  position.     If  the  bones  are  absolutely 


Fig.  147.    Preliminaky  stage  op  fibrous  intekcaktilaginous  ankylosis. 

(Section  through  the  connective  tissue  growing  over  and  adherent  to  the  articular  carti- 
lage, with  metaplasia  of  the  surface-layers  of  the  latter  into  mucoid  and  connective 
tissue:  from  a  case  of  tarsal  tuberculous  arthritis  and  periarthritis:-  preparation 
hardened  in  Mutter's  fluid  and  alcohol,  stained  with  haematoxylin  and  carmine,-an:d 
mounted  in  Canada  balsam :  x  100) 

c  Ci  hyaline  cartilage  persisting       d   connective  tissue 

between  the  ingrowths  of       e/ blood-vessels  and  prdlif er- 
muooid  tissue  ous  cells 


a    hyaline  cartilage 
6  &i  mucoid  tissue 
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fixed  we  have  complete  or  true  ankylosis ;  if  some  movement  is 
still  possible,  partial  or  spurious  ankylosis  is  the  result. 

Such  ankyloses  are  generally  formed  in  the  following  manner. 
From  the  sides  of  the  joint  connective  tissue  grows  over  the 
morbidly-altered  articular  surfaces  of  the  bones,  and  that  which 
covers  one  bone  becomes  adherent  both  to  the  surface  underlying 
it  and  to  the  tissue  covering  the  opposite  articular  surface.  If  by 
the  antecedent  disease  the  articular  cartilage  has  been  only  par- 
tially destroyed,  so  that  the  bones  are  still  in  part  covered  with 
cartilage,  the  vascular  connective  tissue  (Fig.  147  ef)  growing 
over  the  articular  surfaces  becomes  attached  to  this  cartilage  (a). 


Fig.  148.    Fibrous  intercabtilaginous  ankylosis. 

{■Section  from  the  tibio-tarsal  joint :  preparation  hardened  in  MUller's  fluid  and  alcohol, 
decalcifledwith picric  acid,  stained  with  haematoxylin  and  carmine,  and  mountedin 
Canada  balsam :  x  12) 


a    cancellous  tissue  of  the  tibia 
b    cancellous  tissue  of  the  astra- 
galus 
c  Cj  newly-formed  osseous  tissue 
d    osseous  tissue  in  process  of  for- 
mation 


e    bone-marrow  rich  in  vessels  and  cells,  but 

containing  no  fat 
/    vascular   connective   tissue   derived  from 

the  articular  cartilage 
g  ffi  remains  of  the  articular  cartilage 
h    fibrillar  cartilage 


Usually  the  matrix  of  the  subjacent  cartilage  undergoes  dis- 
solution (c  Cj),  and  the  cartilage  is  first  transformed  into  mucoid 
(b  6j)  and  finally  into  connective  tissue.  The  cartilage  may  also, 
by  fibrillation  of  its  matrix,  be  converted  directly  into  connective 
tissue.  By  these  means  a  fibrous  intercartilaginous  ankylosis 
is  produced  (Fig.  148).  If  the  amount  of  connective  tissue 
uniting  the  cartilages  is  very  small,  the  condition  might  be 
described  as  cartilaginous  ankylosis. 

Should  the  articular  cartilage  have  been  entirely  destroyed 
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by  antecedent  disease,  new  connective  tissue  derived  either  from 
the  sides  of  the  joint  in  the  manner  just  described,  or  directly  from 
the  bone-marrow  itself,  may  unite  the  exposed  bony  surfaces.  In 
either  case  a  fibrous  interosseous  ankylosis  takes  place. 

When  the  cartilage  is  only  in  part  destroyed,  so  that  car- 
tilaginous islands  remain,  the  adhesions  produced  by  proliferation 
from  the  sides  of  the  joint  and  from  the  bone-marrow  give  rise  to 
a  fibrous  ankylosis  that  is  partly  interosseous  and  partly  inter- 


FlG.  149. 


Complete  bony  ankylosis  of  the  head  of  the  femub  with 
the  acetabulum. 


{Due  to  inflammatory  destruction  of  the  articular  cartilages :  reduced  to  two-thirds  of 

the  natural  size) 


a    femur 

6    trochanter  major 
c    neck  of  the  femur 

d    deformed  and  depressed  epiphysis  of  the 
head  of  the  femur 


e     ilium 

/    OS  pubis 

g  osseous  buttress  between  the  overhang- 
ing margin  of  the  head  of  the  femur 
and  the  shaft 


cartilaginous    (ankylosis  fibrosa  partim  interossea  partim   inter- 
cartilaginea'). 

Destruction  of  the  articular  cartilage-may  be  followed  by  the 
production,  over  the  exposed  spots,  not  only  of  connective  tissue 
but  of  bone  ;  and  if  the  new  osseous  tissue  unites  the  opposed 
ends  of  the  bones,  bony  ankylosis  is  the  result  (Fig.   149). 
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The  new  bone  may  be  produced  directly  from  proliferous  germi- 
nal tissue  or  by  the  secondary  ossification  of  an  existing  fibro- 
cartilaginous ankylosis  (Fig.  148  d^.  The  bony  connexion  some- 
times consists  of  a  few  bars  or  bridges  of  bone  crossing  the 
joint-cavity,  or  the  latter  may  be  so  far  obliterated  that  the  can- 
celli  of  the  articular  head  of  the  bone  (Fig.  149  cT)  run  into  and 
are  directly  continuous  with  those  of  the  socket  (ef).  The  fusion 
is  occasionally  so  complete  that  the  site  of  the  joint-cavity  almost 
ceases  to  be  traceable. 

The  different  varieties  of  intra-capsular  ankylosis  may  com- 
bine, giving  rise  to  mixed  forms  in  which  the  uniting  medium 
consists  of  bone,  cartilage,  and  connective  tissue.  Under  certain 
conditions  the  articular  ends  of  bones  are  greatly  deformed  by 
osteogenic  proliferation,  whereby  their  normal  range  of  move- 
ment becomes  more  and  more  limited,  and  finally  ceases  alto- 
gether, the  bones  becoming  immovably  looked.  This  occurs  in 
arthritis  deformans  (Art.  73),  and  might  be  described  as  anky- 
losis from  deformity. 

Joints  also  become  immovable,  or  movable  only  with  dif&ciilty, 
from  the  thickening  and  shrinking  of  the  capsule.  Such  an  immo- 
bilisation of  the  joint,  which  occurs  chiefly  in  the  case  of  the 
fingers,  is  best  described  by  the  term  capsular  ankylosis. 

Changes  in  the  parts  about  a  joint,  such  as  fibroid  induration 
of  the  connective  tissues,  adhesion  of  tendons  and  muscles,  new- 
formation  of  osteophytes  and  spicules  of  bone,  muscular  paralysis, 
etc.,  are  apt  to  impair  or  abolish  its  mobility,  and  produce  what 
might  be  described  as  extra-capsular  ankylosis,  or,  where 
shortening  and  rigidity  of  the  muscles  and  ligaments  are  the 
primary  causes,  as  articular  contracture. 

HuTBR  describes  all  impairments  of  the  mobility  of  the  joints  as  con- 
tractures, and  according  to  their  mode  of  origin  distinguishes  them  as 
arthrogenous,  rayogenous,  or  cicatricial.  The  myogenous  forms  are  due  to 
changes  in  the  muscles ;  the  cicatricial  forms  to  contraction  and  induration  of 
the  pararmuscular,  parartendinous,  and  subcutaneous  connective  tissue;  the 
arthrogenous  forms  to  various  diseases  of  the  joints,  and  particularly  to 
inflammation. 

References  on  Ankylosis. 

Albkrt  :  Med.  Jahrb.  m  1873 
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Marsh  :  Bony  ankylosis  B.  M.  J.  ii  1895 
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69.  An  unreduced  dislocation,  in  which  the  displaced  limb 
remains  permanently  in  an  abnormal  position,  results  in  changes 
within  the  affected  joint  of  a  kind  varying  with  the  malposition 
and  other  relations  of  the  parts. 

The  socket  or  articular  end  of  the  bone,  from  which  a  distal 
bone  has  been  dislocated,  becomes  covered  over  with  connective 
tissue  derived  mainly  from  the  torn  capsule,  but  partly  also  from 
the  soft  parts  about  the  affected  joint.  The  connective  tissue 
adheres  to  the  cartilage,  and  this  in  course  of  time  itself  under- 
goes fibrillation,  its  surface  layers  being  gradually  converted  into 


Fig.  150.    Nparthkosis  of  the  hip. 

{Eedvced  to  one-half  the  natural  size) 

a  old  acetabulum  which  has  become  shallower  b  new  articular  cavity 

connective  tissue  which  fuses  with  the  new  connective  tissue  over- 
lying it.  The  depth  of  the  articular  cavity  is  at  the  same  time 
diminished  by  the  apposition  of  new  bone  in  its  central  portion 
(Fig.  150  a)" 

A  similar  fate  may  befall  the  proximal  end  of  the  dislocated 
bone,  should  it  remain  free  in  the  soft  tissues  and  out  of  con- 
tact with  some  other  bony  surface.  If,  however,  it  is  pressed 
against  bone,  proliferation  may  ensue,  and  lead  either  to  ankylosis 
(Fig.  151)  or  to  the  formation  of  a  new  joint  (Fig.  150  5). 
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At  the  point  of  contact  with  the  dislocated  bone,  the  proximal 
bone  becomes  foveolated  or  dinted,  by  a  process  of  resorption  akin 
to  atrophy  from  pressure.  The  excavation  however  is  usually 
very  slight,  and  may  be  entirely  absent  (voN  Langenbeck). 
Very  soon  after  the  dislocated  bone  is  forced  against  it,  the  peri- 
osteum near  the  spot  that  is  pressed  upon  begins  to  proliferate, 
and  after  the  lapse  of  some  weeks  a  bony  ridge  is  thrown  up  round 
the  articular  head  of  the  dislocated  bone.  In  this  way  is  formed 
a  new  glenoid  or  acetabular  cavity,  which  is  covered  externally  by 
the  fibrous  layer  of  the  periosteum  (Fig.  150  h). 


Fig.  151.    Bony  ankylosis  of  the  lower  jaw. 

(The  condyle  of  the  lower  jaw  is  united  with  the  anterior  surface  of  the  tuber  articulare 

of  the  glenoid  cavity  :  from  a  case  of  unreduced  dislocation) 

While  this  process  is  going  on  in  the  proximal  bone,  a  fibrous 
envelope  is  gradually  formed  about  the  head  of  the  distal  bone, 
partly  by  the  remains  of  the  old  capsule  and  partly  by  the  sur- 
rounding soft  parts.  This  envelope  becomes  adherent  to  the 
surface  of  the  proliferous  periosteum,  and  thus  a  new  joint-capsule 
is  fashioned.     If  the  dislocated  bone  remains  unmoved  while  the 
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above-described  changes  are  proceeding,  firm  fibrous  or  osseous 
ankylosis  takes  place  between  it  and  the  supporting  bone  (Fig. 
151),  part  of  the  articular  cartilage  being  converted  into  fibrous 
or  even  into  osseous  tissue.  If  the  dislocated  limb  is  subjected 
to  movement  during  the  period  of  repair,  a  more  or  less  perfect 
nearthrosis  may  be  produced  (Fig.  150  5).  In  this  case  the  sur- 
faces of  the  old  articular  head  and  of  the  new  socket  remain  free 
from  adhesions,  or  at  least  these  are  but  scanty  and  loose  enough 
to  allow  of  some  mobility  in  the  new  joint.  At  the  same  time 
the  free  surface  of  the  new  socket  becomes  smooth,  while  the  free 
portion  of  the  articular  cartilage  is  preserved,  or  converted  into 
eburnated  or  sclerotic  bone.  Between  the  two  is  formed  a  joint- 
cavity  bounded  by  the  new  articular  capsule.  This  cavity  is  lined 
with  flat  connective-tissue  cells,  and  contains  a  viscid  liquid  or 
synovia.  Cartilage  is  occasionally  produced  in  the  new  connec- 
tive tissue  of  the  socket,  so  that  the  structure  of  the  new  joint 
ultimately  approximates  closely  to  that  of  a  normal  joint. 
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CHAPTER    XXIII 
ACUTE  AND  CHRONIC  INFLAMMATIONS  OF  JOINTS 

70.  Acute  inflammations  of  joints  may  be  traumatic,  haema- 
togenous,  or  secondary  to  affections  of  the  contiguous  structures. 
In  the  latter  case  they  are  most  usually  the  sequelae  of  inflam- 
matory infective  diseases  of  the  bones.  The  haematogenous 
varieties  also  are  usually  of  an  infective  nature,  and  occur  chiefly 
in  connexion  with  such  diseases  as  articular  rheumatism,  pyaemia, 
erysipelas,  scarlatina,  measles,  typhoid  fever,  pneumonia,  dysen- 
tery, and  gonorrhoea.  Articular  inflammations  are  indeed  pa- 
thognomonic of  acute  polyarthritic  rheumatism.  In  the  other 
infective  diseases,  articular  inflammations  are  due  to  some  excep- 
tional action  of  the  specific  poison,  or  to  secondary  pyaemic 
infection.  In  the  particular  pyaemic  infection  known  as  septic 
osteomyelitis  and  periostitis,  the  articular  inflammation  appears 
either  simultaneously  with  the  disease  of  the  bones,  or  ordy  as  a 
secondary  result  of  it. 

The  vascular  tissue  of  the  synovial  membrane  is  the  structure 
that  most  actively  participates  in  the  inflammatory  process,  which 
is  thus  primarily  a  synovitis.  The  ligaments  and  other  parts 
surrounding  the  joints,  and  the  articular  cartilages,  are,  however, 
ultimatel}^  affected,  producing  what  has  been  termed  parasyno- 
vitis (HtJTEK)  and  chondritis.  When  the  synovial  membrane, 
the  ligaments,  the  cartilage,  and  the  bones  are  all  involved,  the  con- 
dition is  aptly  described  as  panarthritis  (Volkmanx,  Hutee). 
In  mild  cases  the  inflammatory  process  may  be  limited  to  the 
synovial  membrane,  which  then  becomes  the  seat  of  congestive 
hyperaemia  and  exudation.  In  severe  cases  changes  in  the  car- 
tilage almost  always  take  place,  particularly  when  the  morbid 
process  is  long  maintained,  and  turbidity,  disintegration,  and 
dissolution  of  the  cartilaginous  matrix  ensue.  These  changes 
produce  local  defects  in  the  cartilage,  which  are  referred  to  as 
cartilaginous  erosions  and  cartilaginous  caries.  More  or  less 
extensive  necrosis  of  the  cartilage  is  not  uncommon,  especially  in 
purulent  and  tuberculous  inflammations  ;  it  may  extend  to  the 
subchondral  bone-marrow,  and  so  destroy  the  nutrient  substratum 
of  the  cartilage.  Cartilaginous  sequestra  are  formed  by  the 
exfoliation  of  the  necrotic  portions. 
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According  to  the  character  of  the  exudation,  two  varieties  of 
acute  articular  inflammation  may  be  distinguished  —  the  serous 
and  the  purulent. 

Serous  arthritis  or  synovitis,  or  acute  articular  dropsy,  is 
characterised  by  the  effusion  of  a  serous  liquid  containing  minute 
flakes  of  fibrin,  and  gives  rise  to  more  or  less  extensive  swelling 
of  the  joint.  "When  the  fibrinous  coagula  are  abundant,  the  affec- 
tion may  be  called  sero-tibrinous  synovitis.  The  synovial  mem- 
brane, with  its  villous  fringes  and  folds,  is  more  or  less  injected 
and  swollen,  and  at  times  exhibits  slnall  extravasations  of  blood. 

In  acute  purulent  arthritis  or  synovitis,  or  empyema  of  a 
joint,  the  synovial  membrane  secretes  a  purulent  or  fibrino-purulent 
exudation,  which  becomes  mingled  with  the  synovial  liquid.  The 
synovial  membrane  itself  and  the  articular  ligaments  are  swollen 
and  infiltrated  with  cells.  When  abundant  diapedesis  of  the  red 
blood-corpuscles  takes  place,  the  inner  surface  of  the  joint  assumes 
a  dark-red  colour.  Purulent  synovitis  is  occasionally  a  later  stage 
of  the  serous  or  sero-fibrinous  variety,  though  frequently  the  exu- 
dation is  purulent  from  the  outset.  Serous  synovitis  occurs  with 
greatest  frequency  in  the  knee-joint,  and  often  without  any  defi- 
nite cause  that  can  be  detected.  In  other  cases  it  is  due  to  infec- 
tion. The  swelling,  as  a  rule,  is  not  very  painful.  In  cases 
accompanied  by  excessive  stretching  of  the  joint-capsule,  the 
articular  ends  of  the  bones  may  become  so  displaced  as  to  induce 
spontaneous  dislocation. 

Acute  polyarthritic  rheumatism  is  characterised  by  the  pain- 
ful swelling  of  several  joints  at  one  time.  G-outy  arthritis,  caused 
by  the  deposition  of  urates  in  the  articular  structures,  gives  rise 
to  exquisitely  painful  swellings,  that  most  frequently  occur  in  the 
metatarso-phalangeal  joints  of  the  great  toe  (^podagra)  and  in 
the  finger-joints  (chiragra) :  the  adjacent  parts  of  the  periosteum, 
tendons,  ligaments,  and  skin  are  always  simultaneously  affected. 

The  articular  inflammations  associated  with  gonorrhoea,  py- 
aemia, puerperal  fever,  scarlatina,  and  measles  are  usually  of  the 
purulent  variety.  The  gonorrhoeal  form  is  confined  almost  ex- 
clusively to  the  knee-joint;  the  other  forms  attack  various  joints. 

Acute  articular  inflammations  usually  end  in  recovery.  Serous 
effusions  into  the  knee-joint  are  very  apt  to  recur,  and  may  give 
rise  to  chronic  troubles.  Thus,  after  acute  articular  rheumatism, 
hyperplastic  proliferation  of  the  synovial  membrane,  fibrous  meta- 
plasia of  the  cartilage,  and  finally  fibro-cartilaginous  ankylosis  are 
apt  to  take  place.  In  purulent  inflammations  the  symptoms  may 
become  more  severe  as  time  goes  on :  the  synovial  membrane 
becomes  thickened,  its  internal  surface  becomes  covered  with 
fibrino-purulent  deposits,  and  even  the  capsular  ligaments  become 
infiltrated  (panarthritis).  The  synovial  membrane  then  begins  to 
suppurate,  the  cartilage  becomes  turbid  and  undergoes  fibrillation 
or  partial  necrosis,  and  lymphangitic  abscesses  are  formed  in  the 
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neighbourhood  of  the  joint.  Finally,  the  inflammation  may  extend 
to  the  bone,  so  that  the  marrow  becomes  the  seat  of  suppuration, 
and  the  osseous  trabeculae  undergo  caries  and  necrosis.  When 
the  articular  head  is  thus  considerably  reduced  in  size,  and  the 
ligaments  are  relaxed  or  destroyed,  displacement  of  the  bones  may 
take  place  (spontaneous  dislocation). 

In  such  cases  complete  recovery  or  repair  is  impossible.  If 
the  process  comes  to  an  end  at  all,  it  is  by  the  formation  of 
granulation-tissue  (secondary  granular  synovitis  of  HOtee),  and 
ultimately  of  cicatricial  tissue.  When  the  articular  ends  are 
thereby  firmly  united  to  each  other,  fibrous  ankylosis  is  the  re- 
sillt;  and  if  regenerative  proliferation  is  set  up  in  the  osseous 
tissue  during  the  process  of  healing,  the  ankylosis  becomes  bony. 

Purulent  effusions  sometimes  remain  in  a  joint  for  a  long  time 
without  producing  any  serious  destructive  change  ;  this  condition 
is  by  many  referred  to  as  catarrhal  synovitis. 

Synchondroses  and  syndesmoses  are  liable  to  become  inflamed 
and  suppurate  in  the  same  manner  as  other  joints.  If  they  are  in  this 
way  entirely  destroyed,  the  bones  they  unite  sometimes  fall  apart. 

When  no  septic  infection  occurs  to  complicate  an  articular 
injury  due  to  violence,  such  as  a  fracture,  bruise,  sprain,  or  lacer- 
ation of  the  capsule,  sero-cellular,  fibrinous,  or  haemorrhagic 
effusion  into  the  joint,  and  moderate  infiltration  of  the  synovial 
membrane  and  of  the  capsular  ligaments,  are  the  usual  results. 
The  like  takes  place  when,  by  some  violent  movement,  synovial 
fringes  or  loose  bodies  within  the  joint  are  caught  and  crushed, 
the  articular  ligaments  being  at  the  same  time  severely  strained. 

Inflammations  of  this  character  usually  pass  away  rapidly; 
but  sometimes,  and  particularly  if  they  are  of  frequent  recurrence, 
they  lead  to  lasting  changes  and  to  chronic  arthritis  (Arts.  71 
and  73).  In  rare  cases,  the  coagula  of  haemorrhagic  or  fibrinous 
effusions  are  not  completely  re-absorbed,  but  are  changed  by  a  kind 
of  organisation  into  small  fibrous  loose  bodies  (von  Reckling- 
hausen). Cuts,  stabs,  and  gunshot  wounds  of  the  joints  combined 
with  penetrating  wounds  of  the  skin,  and  complex  dislocations  in 
which  the  joint  is  opened  and  infected,  usually  lead  to  severe 
purulent  and  septic  inflammation,  in  the  course  of  which  the 
articular  capsule  not  infrequently  ulcerates  and  becomes  necrotic, 
and  the  adjacent  bones  are  destroyed  by  caries  and  necrosis. 

The  fact  that  many  persons  exhibit  from  childhood  a  marked  tendency  to 
serous  effusion  into  the  knee-joint  whenever  that  joint  is  subjected  to  slight 
injury,  as  from  a  mere  mis-step,  is  probably  to  be  accounted  for  "by  the  presence 
of  some  undue  development  of  the  synovial  folds  and  fringes,  which  are  there- 
fore apt  to  be  incarcerated  and  bruised.  It  is  also  possible  that  in  these  cases 
the  entire  synovial  membrane  is  abnormally  susceptible  to  injury. 

Blood  effused  into  a  joint  is  probably  prevented  from  coagulating  by  the 
healthy  synovial  membrane :  in  a  joint  that  is  but  slightly  injured,  blood  may 
therefore  remain  liquid  for  a  long  time,  whereas  coagulation  takes  place  quickly 
when  the  joint-capsule  is  extensively  injured  or  inflamed. 
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71.  Even  when  we  leave  out  of  consideration  tlie  tuberculous 
and  syphilitic  forms  of  chronic  arthritis,  there  still  remain  a 
large  number  of  processes  to  which  the  term  is  applied,  and 
which  differ  greatly  both  in  their  aetiology  and  in  the  anatomical 
changes  they  induce.  Since  all  parts  of  a  joint  are  usually 
affected  together,  the  condition  is  generally  one  of  panarthritis 
(Htjtbk,  Volkmank).  Five  varieties  of  chronic  arthritis  may 
be  distinguished  according  to  their  anatomical  peculiarities : 
namely,  chronic  serous  arthritis,  chronic  purulent  arthritis,  dry 
chronic  ulcerative  arthritis,  chronic  deforming  arthritis,  and 
chronic  ankylosing  arthritis.  From  an  aetiological  point  of  view 
it  is  somewhat  difficult  to  define  the  several  varieties  precisely ; 
but  if  all  the  infective  processes  be  placed  together,  five  groups 
may  be  distinguished  according  to  the  circumstances  of  their  ori- 
gin: namely,  chronic  senile  arthritis,  chronic  traumatic  arthritis, 
chronic  infective  arthritis,  chronic  neuropathic  arthritis,  and 
chronic  gouty  arthritis. 


264  rsri'LAMMATioNS  OF  JOINTS  [chap,  xxm 

No  sharp  lines  can  be  drawn  between  these  yarious  aetiological 
groups  so  far  as  their  morbid  anatomy  is  concerned,  for  in  differ- 
ent joints  of  the  same  patient  at  the  same  time  we  meet  with 
varieties  of  arthritis  that  differ  in  their  histological  characters. 

The  serous  and  purulent  varieties  of  arthritis  are  characterised 
by  free  exudation  into  the  joint,  and  form  a  class  in  contrast  to 
the  three  other  varieties,  in  which  there  is  no  sensible  increase  in 
the  amount  of  liquid  within  the  joint.  In  this  respect  chronic 
articular  inflammations  may  be  divided  into  two  chief  classes, 
the  exudative  and  the  dry  forms.  , 

Chronic  serous  arthritis  or  synovitis,  otherwise  called 
chronic  articular  dropsy  or  hydrarthros,  either  follows  upon  acute 
serous  synovitis,  especially  when  the  latter  is  recurrent,  or  begins 
insidiously  without  passing  through  an  acute  stage.  It  is  charac- 
terised by  the  accumulation  of  thin  synovial  liquid  within  the 
joint.  The  changes  in  the  capsule  and  in  the  cartilage  are  usually 
slight,  although  in  long-continued  cases  the  synovial  membrane 
may  be  thickened,  its  villous  folds  and  fringes  may  be  enlarged, 
and  the  cartilage  may  proliferate  and  become  fibrillated.  Fre- 
quently the  synovial  membrane  grows  over  the  margins  of  the 
articular  surfaces,  and  forms  thereon  a  sort  of  vascular  pannus. 
HtfTEB  describes  this  variety  of  articular  inflammation  as  smooth 
or  pannous  hyperplastic  synovitis. 

The  affection  appears  most  commonly  in  the  knee,  more  rarely 
in  the  shoulder,  the  hip,  and  the  elbow,  and  is  not  infrequently 
bilateral.  When  the  effusion  is  very  abundant,  the  knee-joint  is 
swollen,  the  patella  is  lifted,  and  the  bursae  under  the  extensor 
tendon,  on  both  sides  of  the  patella  and  in  the  popliteal  space, 
are  tightly  distended. 

The  cause  of  articular  dropsy  is  sometimes  traumatic,  the 
effusion  following  contusions,  sprains,  and  accidental  incarceration 
of  hypertrophic  synovial  folds  and  of  loose  bodies  within  the  joint. 
In  other  cases,  rheumatism  and  exposure  to  cold  are  given  as  the 
causes.  Very  slight  injuries  seem  sufficient  to  give  rise  to  in- 
creased secretion  of  synovial  liquid  in  persons  specially  predis- 
posed thereto.  Hernial .  protrusions  of  the  synovial  membrane, 
appearing  externally  between  the  fibrous  bands  of  the  capsule, 
have  frequently  been  observed  to  contain  an  excessive  quantity  of 
liquid,  and  to  assume  considerable  proportions.  Such  herniae  are 
oftenest  met  with  in  the  knee,  wrist,  and  elbow-joint  (Billeoth). 

Chronic  purulent  arthritis  is  usually  consecutive  to  acute 
inflammations  that  are  haematogenous,  traumatic,  or  due  to  exten- 
sion from  adjoining  parts ;  it  is  sometimes  however  associated 
with  other  chronic  affections  of  the  joint,  such  as  chronic  tuber- 
culosis. The  joint  in  these  cases  is  filled  with  pus,  and  the  capsular 
ligaments  and  synovial  membrane  are  infiltrated  and  covered  with 
fibrino-purulent  deposits.  Sooner  or  later  the  cartilage  becomes 
cloudy  and  fibrillated,  and  undergoes  carious  and  necrotic  disin- 
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tegration.  At  a  later  stage  the  neighbouring  bone-marrow  may 
suppurate,  and  so  give  rise  to  caries  and  necrosis  of  the  ends  of 
the  bones.  The  articular  capsule  also  is  apt  to  suppurate  at  vari- 
ous points,  and  abscesses  are  thus  formed  around  the  joint. 
Recovery  may  take  place,  with  formation  of  cicatricial  adhesions 
between  the  carious  ends  of  the  bones,  and  regenerative  osseous 
proliferation  from  the  periosteum  and  bone-marrow  ;  in  this  man- 
ner fibrous  and  bony  ankylosis  are  at  length  brought  about. 


Fig.  152.    Chronic  dry  ulcerative  arthritis. 

{First  inter-phalangeal  joint  of  the  index  finger  fixed  in  the  position  of  flexion  from 
chronic  senile  polyarthritis :  preparation  hardened  in  alcohol,  decalcified  with  picric 
acid,  and  stained  with  piero-carmine  :  x  55) 
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Synarthroses,  like  joints,  may  suppurate,  and  afterwards  be 
replaced  by  cicatricial  and  osseous  ankyloses. 

The  cause  of  the  suppuration  is  probably  always  of  the  nature 
of  microbic  infection.  Substances  which  induce  suppuration  by 
their  chemical  action  are  not  likely  to  gain  access  to  a  joint. 
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72.  Dry  chronic  ulcerative  arthritis  is  an  affection  whose 
essential  characters  are  fibrillation,  cleavage  (Fig.  152  T),  and 
erosion  of  the  articular  cartilages.  The  fibrillation  is  often  accom- 
panied by  a  scanty  proliferation  of  the  cartilage-cells,  though  this 
feature  may  be  entirely  absent.  At  the  margins  of  the  articular 
surfaces  the  cartilage  often  disappears  entirely  as  such  (m),  being 
converted  into  mucoid  or  connective  tissue  by  the  action  of  the 
proliferous  synovial  membrane.  In  far-advanced  cases  of  the, 
disease  the  greater  part  of  the  articular  cartilage  is  destroyed, 
and  the  denuded  bone  often  ulcerates  to  a  considerable  extent. 
At  times  also  some  dissolution  of  the  cartilage  takes  place  from 
the  side  of  the  bone-marrow  (o),  but  this  feature  is  of  small  impor- 
tance in  comparison  with  the  other  changes.  Sclerotic  thickening 
of  the  capsule  (/),  and  enlargement  of  the  synovial  folds  and. 
fringes  (^),  frequently  accompany  the  erosion  of  the  cartilage, 
and  sometimes  lead  to  fixation  of  the  affected  joint  (Fig.  152)  by 
capsular  ankylosis.  On  the  other  hand,  the  tissue  of  some  of  the 
ligaments  may  become  loosened  and  break  down.  Calcareous 
deposits  and  patches  of  amyloid  degeneration  make  their  appear- 
ance both  in  the  degenerate  cartilage  and  in  the  fibrous  tissue  of 
the  capsule  and  ligaments.  When  the  bone  is  denuded,  it  may 
become  sclerotic  and  eburnated  by  the  apposition  of  new  tra- 
beculae  derived  from  the  marrow. 

The  disease  appears  chiefly  in  old  age  as  a  senile  disorder  of 
nutrition,  and  has  accordingly  been  called  malum  senile;  but 
it  is  sometimes  a  neuropathic  disorder,  and  sometimes  a  sequel 
of  rheumatic  and  other  forms  of  inflammation.  Lastly,  the  like 
condition  arises  when  from  any  cause  a  joint  is  kept  fixed  in  one 
position  ;  in  this  case  the  articular  cartilage  undergoes  fibrillar 
and  granular  disintegration,  especially  at  those  points  which  are 
no  longer  subjected  to  the  normal  pressure  (Reyher,  Moll).  The 
synovial  membrane  grows  over  the  articular  surface  from  the 
periphery,  and  becomes  continuous  with  the  fibrillated  cartUage. 
When  a  joint  that  has  long  been  fixed  is  forcibly  flexed  or  extended, 
the  ligaments,  shortened  from  lack  of  their  normal  tension,  may 
rupture  (Volkmann),  and  the  synovial  outgrowths  over  the  bony 
surfaces  may  be  crushed,  with  the  result  that  haemorrhage  and 
inflammation  with  serous  effusion  ensue. 

As  regards  the  senile  form  of  the  disease,  the  hip- joint  is  that 
most  frequently  affected  (malum  coxae  seniW) ;  the  shoulder,  elbow, 
phalangeal  joints,  and  the  knee  (patella),  are  affected  next  in  order 
of  frequency.  In  tabes,  on  the  contrary,  the  knee,  the  shoulder, 
and  the  elbow-joint  are  the  usual  seats  of  disease.  Where  the 
articular  ends  of  the  bones  are  much  wasted,  the  capsule  becomes 
relatively  too  wide,  and  the  bones,  thus  allowed  abnormal  free- 
dom of  movement,  are  apt  to  become  displaced  (dislocation  from 
deformity). 

The  senile,  as  well  as  the  rheumatic  and  neuropathic  forms^ 
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Fig.  153.    Chkonic  abthkitis  deformans. 

(Section  through  the  articular  cartilage  of  the  head  of  the  femur:  preparation  hardened 
in  Muller's  fluid,  decalcified  with  picric  acid,  stained  with  haematoxylin  and  car- 
mine, and  mounted  in  glycerine :  x  40) 
a    hyaline  cartilage  /    highly-cellular  cartilage  with  uniformly 

&    hyaline  cartilage  with  proliferous  car-  distributed  cells 

tilage-oells  .9  j/i  newly-formed  medullary  spaces 

c  Ci  fibrillated  surface  of  the  cartilage  h    newly-formed  and  i  old  osseous  tissue 

d      clefts  in  the  cartilage  A    old  medullary  spaces 

e  ei  areas  of  softening  in  the  cartilage  I     seat  of  resorption  with  osteoclasts 
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are  usually  associated  with  atrophic  changes  in  the  bones,  and 
these  are  often  very  extensive.  Excessive  peripheral  resorption 
(Fig.  152  m)  and  consequent  attenuation  of  the  bones  near  a  joint, 
when  accompanied  by  thickening  of  the  capsular  ligaments,  give 
the  joint  itself  a  thick  and  nodose  appearance,  which  has  some- 
times caused  the  condition  to  be  attributed  to  arthritis  deformans. 
When  the  atrophic  process  affects  the  bodies  of  the  vertebrae, 


Fig.  154.    Arthritis  and  ostitis  deformans  with  arborescent  lipoma  of  the 

hip-joint. 

[Reduced  to  two-thirds  of  the  natural  size) 

a    deformed  head  o(  the  femur  whose  neck  Is  perpendicular  to  the  long  axis  of  the  shaft 
6    synovial  membrane  with  hypertrophic  fringes  of  lipomatous  tissue 

causing  them  to  become  relatively  shallower  (Fig.  158),  the  result 
is  curvature  of  the  spine,  usually  kyphotic. 

73.  The  disease  of  the  joints  called  chronic  arthritis  defor- 
mans is  distinguished  from  other  forms  by  the  remarkable  hjrper- 
plastic  proliferation,  accompanied  by  degenerative  changes  in  the 
cartilages  and  bones,  that  takes  place  in  it.  The  hyperplasia  is 
indeed  so  abundant  as  to  give  a  special  character  to  the  affection. 
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The  changes  in  the  cartilages  consist  of  fibrillation  (Fig.  153 
c  e{)  and  cleavage  or  splitting  (cZ)  of  the  superficial  layers  ;  to  this 
is  usually^  superadded  extensive  softening  (e  e{)  with  consequent 
formation  of  cavities  in  the  deeper  layers  next  the  bone.  Along 
vsrith  these  degenerative  processes  free  hyperplastic  proliferation 
(5)  takes  place,  and  often  leads  to  considerable  nodose  thickening 
of  the  cartilage. 


Fig.  155.    Chronic  polyakthritis  deformans. 

{Section  through  the  first  inter-phalahgeal  joint  of  the  index  finger  of  an  old  woman : 
preparation  hardened  in  Miller's  fluid  and  alcohol,  decalcified  with  picric  acid, 
stained  with  neutral  carmine,  and  mounted  in  Canada  balsam  :  x  6) 


a    diaphysis  of  the  second  phalanx 
6     articular  head  of  the  second  phalanx 
e     dorsal  Ci  c^  palmar  portion  of  the  ar- 
ticular cavity 
d    dorsal  portion  of  the  cortical  layer  of 
the    first    phalanx,  with  numerous 
excavations  from  resorption 
e     palmar  portion  of  the  cortical  layer  of 

the  first  phalanx 
/    articular  socket  of  the  first  phalanx 
g    defect  in  the  cortical  layer  of  the  first 
phalanx 


h  newly-formed  bone  on  the  dorsal  bor- 
der of  the  articular  socket 

i  ii  newly-formed  bone  on  both  sides  of 
the  articular  head 

k    collapsed  portion  of  the  articular  socket 

I  li  remains  of  the  articular  cartilage 

m  mi  fibrous  covering  of  the  articular 
surface 

n  ni  articular  capsule 

0  superficial  defect  in  the  articular  head 
covered  over  with  fibrous  tissue 

P  Pi  Pi    periosteum 

q    the  nutrient  foramen  with  its  artery 
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The  deeply-situated  cavities  due  to  softening  are  sooner  or 
later  lined  with  vascular  medullary  tissue  (^  g{)  growing  up  from 
the  bone.  The  substance  of  the  cartilage  itself  is  often  directly 
permeated  by  the  growing  marrow.  When  the  deeper  layers  of 
the  cartilage  are  thus  traversed  in  all  directions  by  medullary 
spaces,  the  remaining  islands  and  bridges  between  these  are  gen- 
erally converted  into  osteoid  tissue  (Ji)  and  ultimately  into  calci- 
fied bone.  Occasionally,  proliferous  outgrowths  of  cartilage  are 
produced  once  more  in  the  osteoid  trabeculae,  and  form  nodular 
excrescences  that  project  into  the  medullary  spaces. 


Fig.  156.    Arthritis  deformans  of  the  head  of  the  femur. 
{Reduced  to  two-thirds  of  the  natural  size) 
flattened  and  ebumated  articular  sur-      c     overhanging  rim  of  the  head 


face 
6    neck  of  the  femur 


osteophytes  in  the  region  of  the  inter- 
trochanteric line 


While  these  changes  are  going  on  in  the  cartilage,  the  tissues 
of  the  capsule  also  become  proliferous :  the  capsule  and  the  syno- 
vial membrane  are  thereby  thickened;  and  the  synovial  folds  and 
villous  fringes  (Fig.  154)  increase  and  multiply,  projecting  more 
and  more  into  the  articular  cavity  until  at  length  the  internal 
surface  of  the  synovial  membrane  becomes  entirely  covered  with 
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villi.  When  fat  is  later  on  deposited  in  the  synovial  folds  and 
fringes,  the  result  is  a  condition  known  as  arborescent  lipoma 
(Fig.  154).  At  times,  cartilaginous  masses  from  the  size  of  a 
pea  to  that  of  a  hazel-nut  are  formed  in  the  membrane,  and 
■especially  in  its  villi ;  and  some  of  these  masses  undergo  ossifica- 
tion. When  they  become  detached  from  their  base  they  become 
loose  or  movable  bodies  within  the  joint  (Art.  77). 

The  changes  in  the  bones  are  for  the  most  part  retrogressive, 
and  are  chiefly  of  the  nature  of  resorption  (Fig.  153  I};  they  lead 


Fig.  167.    Arthritis  deformans  of  the  head  of  the  femur. 

(Reduced  to  two-thirds  of  the  natural  size) 

•a    atrophied  head,  with  numerous  exca-      e    osseous  overgrowth  on  the  border  of 

vated  pits  the  head 

6    neck  of  the  femur  d    osseous  overgrowth   along  the   inter- 

trochanteric line 


to  lacunar  atrophy  of  the  osseous  trabeculae,  and  sometimes  entire 
lamellae  are  destroyed  (Fig.  155  ff  o),  so  that  the  bone  gives  way 
at  the  affected  part  (A).  The  new  osteoid  tissue  formed  from 
the  cartilage  (Fig.  153  A)  often  undergoes  disintegration  and 
softening,  and  cavities  are  thus  formed  within  it. 

The   subchondral   marrow  (Fig.  153  k}  frequently  loses  the 
greater  part  of  its  fat,  and  is  converted  into  the  gelatinous  or  lym- 
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phoid  variety.  When  the  local  atrophy  of  the  bone  is  complete, 
patches  of  gelatinous  connective  tissue  devoid  of  osseous  trabe- 
culae  are  formed :  in  other  instances  dissolution  and  liquefaction 
of  the  bone-marrow  takes  place,  and  cysts  are  accordingly  pro- 
duced. At  a  later  stage,  the  tissue  adjacent  to  the  cysts  becomes 
more  or  less  condensed,  and  sometimes  a  number  of  osseous  tra- 
beculae  are  developed  in  it  by  a  kind  of  metaplasia. 

The  manifold  changes  already  described  as  taking  place  in  the 
ends  of  the  bones  and  in  the  joint-capsules  lead,  in  the  course  of 
years,  to  very  marked  deformities  of  the  joints.  If  the  disease 
extends  to  the  diaphysis  of  a  long  bone,  deformities  may  also  be 
produced  in  parts  remote  from  the  joint  (Art.  50). 

Proliferation  of  the  cartilage,  with  subsequent  ossification, 
occurs  mainly  at  the  periphery  of  the  articular  head  and  of  the 
articular  cavity.  In  the  former  situation  it  gives  rise  to  tuberous 
excrescences  (B"'ig.  155,  ^^'^,  Fig.  156  c,  and  Fig.  157  e);  it  causes 
the  socket  or  acetabulum  to  be  wholly  or  partially  encircled  with  a 
ridge  by  which  the  cavity  is  often  notably  enlarged  and  deepened 
(Fig.  155  A).  Occasionally  some  of  the  tuberosities,  composed 
of  cartilage  and  bone,  break  off  and  form  loose  bodies  within  the 
joint. 

The  central  parts  of  the  articular  head  that  are  most  subjected 
to  pressure  and  friction  are  usually  flattened  (Fig.  156);  while 
the  articular  socket,  on  the  other  hand,  becomes  wider. 

All  of  these  changes  take  place  whether  the  articular  cartilage 
is  preserved  or  not,  and,  in  the  former  case,  depend  upon  a  sub- 
chondral atrophy  of  the  bone  (Fig.  155  ^),  as  a  result  of  which 
the  cartilage  (A)  is  undermined  and  collapses.  If  the  cartilage 
becomes  fibrillated  and  destroyed,  the  underlying  bone  is  of  course 
exposed,  and  in  particular  those  parts  of  it  that  have  been  newly 
formed  by  subchondral  ossification.  Such  bone  is  often  very 
dense,  and  in  places  has  the  compact  texture  and  appearance  of 
ivory.  If  the  affected  limb  continues  to  be  movable,  the  hard 
bony  surface  of  the  articular  head,  as  a  result  of  constant  move- 
ment, is  often  polished  smooth;  or  if  the  movements  take  place 
in  one  plan&  only,  it  is  marked  with  parallel  grooves.  The  ace- 
tabular cavity  in  that  case  is  correspondingly  polished  or  grooved, 
and  the  surfaces  are  said  to  be  eburnated. 

Subchondral  cysts,  due  to  softening,  come  to  the  surface  as 
the  superficial  layers  are  eroded,  and  appear  as  more  or  less  exten- 
sive depressions  or  excavations  (Figs.  155  o  and  157  a).  The 
portions  of  the  bone  that  are  denuded  of  cartilage  may  be  covered 
over  by  extensions  of  the  synovial  membraiie  (Fig.  Ibb  m  m{); 
but  the  covering  is  absent  in  parts  exposed  to  special  friction  as 
the  joint  is  moved.  Apposition  of  bone  from  the  marrow  may 
take  place  upon  the  parts  thus  left  exposed. 

Both  hyperplasia  and  atrophy  are  often  so  considerable  that 
the  resulting  deformity  of  the  articular  ends   of  the   bones  is 
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extremely  great.  Thus,  the  head  of  the  femur  may  completely 
disappear;  and  if  new  bone  is  being  actively  formed  at  the  peri- 
pheral parts,  while  resorption  is  proceeding  in  the  interior,  an 
■  entirely  new  head  may  be  formed,  which  is  attached  to  the  shaft 
with  little  or  nothing  of  a  neck  intervening.  More  frequently 
still,  a  marked  flattening  and  broadening  of  the  head  and  neck 
of  the  femur  take  place  (Fig.  156).  In  rare  cases  the  head 
becomes  almost  conical,  the  apex  of  the  cone  corresponding  to  the 
insertion  of  the  ligamentum  teres. 

It  is  not  possible  to  describe  all  the  varieties  of  articular 
deformity  that  are  met  with  in  arthritis  deformans ;  but  from 
what  has  been  said  we  can  without  much  difficulty  form  some 
conception  of  the  kind  of  changes  that  may  take  place.  The  one 
common  feature  is  that  they  are  all  produced  by  bone-resorption 
on  the  one  hand,  and  bone-apposition  on  the  other.  The  result- 
ant effect  of  the  entire  process  in  a  given  case  depends  upon  which 
of  these  predominates. 

Owing  to  the  alteration  in  the  shape  of  the  articular  ends  of 
the  bones,  the  mobility  of  the  joint  becomes  more  and  more  im- 
paired. In  the  shoulder  and  hip-joint,  for  example,  the  possible 
movements  may  be  limited  to  a  single  plane,  and  finally  be  abol- 
ished altogether,  so  that  what  we  have  called  ankylosis  from 
deformity  is  the  result. 

The  joint  thus  fixed  assumes  very  different  positions  in  differ- 
ent cases :  some  of  the  fingers,  for  example,  are  flexed,  others 
over-extended,  and  others  again  exhibit  more  or  less  lateral 
deviation.  This  variety  of  position  is  favoured  by  the  varia- 
ble amount  of  thickening  present  in  the  capsule  and  the  synovial 
membrane. 

The  deformity  of  the  articular  surfaces  occasionally  gives  rise 
to  mutual  displacements  of  the  bones,  a  condition  described  as 
dislocation  from  deformity. 

Arthritis  deformans  is  commonest  in  the  hip-joint  and  knee 
(Figs.  156  and  157),  but  it  may  affect  any  of  the  articulations, 
and  is  not  rare  in  the  shoulder  and  elbow-joint.  The  affection 
may  also  appear  in  the  synarthroses,  and  particularly  in  those  of 
the  vertebral  column,  when  it  is  called  spondylitis  deformans 
(Fig.  158).  As  periosteal  proliferation  (J)  with  subsequent  ossi- 
fication takes  place  in  this  situation,  the  vertebrae  at  length  be- 
come firmly  and  immovably  united  together  by  osseous  bridges  ; 
these  are  formed  chiefly  on  the  anterior  aspect  of  the  column.  If 
meanwhile  resorption  is  in  progress  within  the  bodies  of  the  ver- 
tebrae and  gives  rise  to  inequalities  in  their  vertical  dimensions 
(a  c),  pronounced  curvature  of  the  spine  is  the  result.  As  a  rule 
the  trunk  is  thereby  bent  forwards  into  a  position  of  extreme 
kyphosis. 

Arthritis  deformans  may  be  either  a  uniarticular  or  a  multi- 
articular affection.     The  uniarticular  variety  appears  to  arise  spon- 
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taneously,  or  follows  a  single  traumatic  lesion  (such  as  fracture  of 
the  joint)  or  a  recurrent  injury,  as  well  as  certain  infective  inflam- 
mations. It  attacks  both  the  larger  and  the  smaller  joints,  but 
more  frequently  the  former.     On  the  other  hand,  the  multiartic- 


FiG.  158.    Spondylitis  deformans. 
(Reduced  to  one-half  the  natural  size) 


body  of  a  lumbar  vertebra  whose  an- 
terior height  is  considerably  reduced 

nodose  bony  growths  uniting  the  adja- 
cent vertebral  bodies  together 


body  of  a  thoracic  vertebra  which  has 
collapsed 


ular  variety  most  commonly  affects  the  inter-phalangeal  joints, 
and  but  rarely  the  larger  ones.  It  is  usually  a  senile  affection,  or 
is  dependent  on  disease  of  the  nervous  system. 
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At  the  outset,  in  the  multiarticular  variety,  the  changes  in- 
duced correspond  with  those  observed  in  dry  chronic  arthritis  or 
malum  senile  (Fig.  152).  The  later  anatomical  changes,  how- 
ever, are  such  that  no  difficulty  need  be  felt  in  classing  the  disease 
under  the  head  of  arthritis  deformans.  It  usually  continues 
throughout  to  be  limited  to  the  smaller  joints,  although  at  times 
it  extends  also  to  the  larger  ones. 

From  the  contraction  of  the  joint-capsule,  and  the  often  ex- 
treme deformity  of  the  articular  surfaces,  the  finger-joints  are 
fixed  in  the  most  varied  positions,  flexed,  over-extended,  distorted 
sideways,  and  so  on.  The  heads  of  the  bones  are  fringed  with 
marginal  exostoses  and  often  considerably  thickened  (nodular 
polyarthritis),  so  that  the  joints  closely  resemble  in  external  ap- 
pearance those  of  the  hands  in  chronic  gout. 

74.  Chronic  ankylosing  arthritis  (arthritis  ankylopoetied)  is 
characterised  chiefly  by  vascularisation  and  fibrous  metamorphosis 
of  the  articular  cartilage,  and  by  coherence  of  the  opposed  carti- 
laginous surfaces. 

These  changes  may  appear  first  in  a  single  joint  and  are  then 
either  the  result  of  antecedent  acute  exudative  inflammation,  or 
the  final  stage  of  certain  chronic  destructive  inflammatory  pro- 
cesses, chiefly  those  originating  in  tuberculous  infection  (Art.  76). 
They  constitute  the  most  important  anatomical  feature  of  the  dis- 
ease called  chronic  rheumatic  polyarthritis,  or  arthritis  pau- 
ferum.  This  is  an  affection  that  either  follows  upon  an  attack  of 
acute  articular  rheumatism,  or  commences  insidiously  and  lasts 
many  years,  indeed  throughout  the  rest  of  the  patient's  life.  It 
involves  various  joints  in  succession,  and  in  rare  cases  all  the 
joints  of  the  body,  causing  the  bones  one  after  the  other  to  become 
immovable  from  ankylosis. 

At  a  stage  when  the  changes  in  a  joint  are  not  far  advanced, 
the  synovial  membrane  appears  rather  more  injected  than  usual, 
and  its  fringes  and  villi  are  perhaps  somewhat  enlarged :  the  sur- 
face of  the  cartilage  is  rough,  fibrillated,  and  often  converted  into 
a  tough  felted  mass  ;  here  and  there  adhesions  have  already  formed 
between  the  adjacent  cartilaginous  surfaces,  and  the  fibrous  carti- 
lage is  traversed  by  a  few  blood-vessels.  While  the  superficial 
changes  are  proceeding  medullary  spaces  are  being  formed  in  the 
deeper  layers  of  the  cartilage  by  means  of  outgrowths  from  the 
medullary  spaces  of  the  underlying  bone,  the  new  marrow  being 
distinguished  by  its  great  vascularity.  The  cartilage  lying  between 
the  new  medullary  spaces  is  in  places  converted  into  osteoid  or  into 
osseous  tissue. 

These  changes  resemble  in  many  respects  those  characteristic 
of  arthritis  deformans,  with  the  important  differences  that  the 
cartilage  proliferates  but  little,  and  that  the  changes  in  its  surface 
layers  are  less  of  the  nature  of  disintegration  than  of  fibrous  meta- 
plasia. 
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Some  of  the  blood-vessels  supplying  the  cartilage  in  process 
of  fibrillation  come  from  the  synovial  membrane,  and  grow  over 
the  articular  surface  from  its  periphery  or  from  synovial  villi 
adherent  to  the  cartilage ;  others  spring  from  the  subchondral 
bone-marrow,  and  penetrate  the  cartilage  from  below.  Once  the 
cartilage  is  here  and  there  chamielled  by  medullary  spaces  con- 
taining vessels,  the  fibrous  metaplasia  of  its  superficial  layers  and 
the  cohesion  of  the  opposed  surfaces  make  rapid  progress,  being 
actively  reinforced  by  the  new  vessels  growing  into  it  from  above 
and  below. 

The  ultimate  result  of  all  these  changes  is  fibrous  ankylosis  of 
the  joint,  which  becomes  firmer  as  the  cohesions  become  more 


Fig.  159.    Chkonic  ankylosing  arthritis. 

(Section  from  the  tibio-tarsal  joint :  preparation  hardened  in  Miiller' s  fluid  and  alcohol, 
decalcified  with  picric  add,  stained  with  haematoxylin  and  carmine,  and  mounted 
in  Canada  balsam :  x  12) 


((    cancellous  portion  of  the  tibia 
b    cancellous  portion  ol  the  astiagalus 
c  Ci    new-formed  osseous  tissue 
d    osseous  tissue  in  process  of  formation 
e    bone-marrow  devoid  of  fat  but  rich  in 
vessels  and  cells 


/    vascular  fibrous  tissue  derived   from 

the  articular  cartilage 
g  gi    remains  of  the  articular  cartilage 
h    fibrillated  cartilage 
i    remains  of  the  joint-cavity 


extensive.  At  first  the  joint-cavity  is  traversed  only  by  one  or 
two  vascular  bands :  later  on  the  original  cavity  is  reduced  to  a 
few  small  loculi  containing  synovial  liquid  (Fig.  159  i),  and  the 
parts  of  the  cartilages  (/  h)  that  have  been  converted  into  fibrous 
tissue  are  fused  into  one  compact  mass.  How  much  of  the  car- 
tilage (g  g{)  still  remains  untransformed  naturally  depends  upon 
the  stage  the  process  has  reached.  In  the  course  of  months  and 
years  the  entire  cartilage  may  perish  in  successive  portions,  being 
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converted  into  fibrous  tissue  either  directly  or  through  an  inter- 
mediate fibrillated  stage  (/t). 

In  cases  of  far-advanced  disease  the  situation  of  the  original 
joint-cavity  is  indicated  merely  by  a  layer  of  fibrous  tissue;  in 
still  later  stages  even  this  disappears  and  makes  way  for  a  tissue 
differing  very  slightly,  if  at  all,  from  the  marrow  of  cancellous 
bone. 

Even  in  the  early  stages  of  the  process,  production  of  bone 
within  the  cartilage  (c  Cj)  may  be  associated  with  the  fibrous 
metaplasia  and  the  formation  of  medullary  spaces.  It  commences 
in  the  strata  of  the  cartilage  next  the  bone  and  extends  by  degrees 
to  the  articular  cavity.  After  fibrous  ankylosis  is  established  the 
ossification  extends  into  the  fibrous  connexions,  and  the  articular 
ends  of  the  bones  are  thus  at  length  united  by  osseous  tissue. 
At  the  same  time,  or  perhaps  a  little  later,  fat  is  deposited  in  the 
new-formed  medullary  tissue  that  is  henceforth  to  fulfil  the  func- 
tion of  ordinary  bone-marrow,  and  so  it  becomes  identical  in  char- 
acter with  the  rest  of  the  yellow  marrow.  Cases  are  met  with  in 
which,  by  these  changes,  the  joint  is  so  completely  replaced  by 
continuous  bone  that  the  former  situation  of  the  joint-cavity  can 
scarcely  be  traced. 
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75.  From  what  has  been  stated  in  Arts.  71  and  74,  it  will  be 
understood  that  for  no  one  of  the  several  anatomical  types  of 
arthritis  is  there  any  single  and  uniform  mode  of  causation :  a 
given  type  may  be  produced  by  various  causes,  and  a  single  cause 
may  give  rise  to  a  number  of  different  types  of  chronic  arthritis. 

Senile  arthritis,  as  a  rule,  takes  the  form  of  chronic  dry  ulcer- 
ative arthritis  ;  but  it  sometimes  leads  to  changes  that  pertain  to 
and  are  characteristic  of  arthritis  deformans.  The  latter  is  met 
with  chiefly  in  cases  where  the  affection  is  multiarticular  and 
extends  over  a  large  portion  or  the  whole  of  the  skeleton.  The 
disease  has  the  appearance  not  so  much  of  an  inflammation  as  of 
a  disorder  of  nutrition. 

Traumatic  arthritis,  in  no  way  complicated  by  infection,  may 
assume  any  of  the  forms  we  have  described ;  it  usually,  however, 
takes  that  of  chronic  serous  synovitis  or  of  arthritis  deformans. 
Erosions  are  most  apt  to  occur  when  the  injury  is  due  to  continu- 
ous pressure,  and  when  the  limb  is  kept  in  an  abnormal  position. 
Adhesions  form  after  wounds  of  a  joint  with  effusion  of  blood 
into  it,  and  after  reduction  of  dislocations ;  arthritis  deformans, 
on  the  other  hand,  follows  upon  fracture  of  the  joint,  and  upon 
unreduced  dislocation. 

Infective  arthritis,  other  than  that  due  to  tuberculosis,  begins 
as  serous  or  purulent  synovitis,  and  this  may  be  followed  by  all  or 
any  of  the  above-named  anatomical  changes.  Arthritis  deformans 
is  most  likely  to  result  when  the  inflammation  at  no  time  takes  on 
an  ulcerative  character.  E^ibrous  metaplasia  of  the  cartilage,  and 
fibrous  or  osseous  ankylosis  of  the  joint,  are  generally  associated 
with  ulcerative  destruction  of  cartilage,  bone,  and  capsular  tissue; 
these  changes  may  however  take  place  after  slight  and  at  no  time 
destructive  "  rheumatic  "  inflammation.  In  the  former  case  the 
changes  are  in  their  way  reparative,  and  run  a  course  that  sooner 
or  later  reaches  its  end.  The  articular  affection  called  chronic 
rheumatic  polyarthritis  is,  on  the  contrary,  a  progressive  disease, 
and  the  changes  in  the  joints  continue  to  advance  till  the  end  of 
life.  It  almost  entirely  coincides  with  the  form  whose  morbid 
anatomy  is  indicated  by  the  term  chronic  ankylosing  arthritis,  al- 
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though  changes  sometimes  occur  in  this  affection  which  appertain, 
from  the  anatomical  point  of  view,  to  arthritis  deformans. 

Spinal  and  neurogenous  arthropathies  are  observed  chiefly 
in  connexion  with  tabes  dorsalis,  syringomyelia,  degeneration  of 


FiQ.  160.  Hand  with  gouty  nodes  about  the  joints. 
{From  Lancbkbaux) 

the  anterior  horns  of  grey  matter,  degeneration  from  compression 
or  crushing  of  the  spinal  cord,  and  section  of  nerves. 

In  tabes,  arthropathies  are  prone  to  arise  in  the  knee,  the 
shoulder,  and  elbow,  more  rarely  in  the  hand,  foot,  and  finger- 
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joints.  These  neuropathic  forms  are  characterised  by  rapid  de- 
struction of  the  articular  ends  of  the  bones,  and  by  thickening 
and  ulcerative  destruction  of  the  synovial  membrane  and  articular 
ligaments.  Serous  effusion  into  the  joint,  swelling  of  the  sur- 
rounding tissue,  and  sudden  spontaneous  dislocation,  may  accom- 
pany the  other  changes.  How  far  these  conditions  are  due  to 
nervous  influence,  how  far  to  mechanical  injury,  and  how  far  to 
disorders  of  the  circulation,  are  questions  that  still  await  an 
answer. 

Grouty  arthritis  is  due  to  a  constitutional  disease  that  is 
usually  inherited.  The  articular  affection  commences  with  the 
effusion  of  a  clear  liquid  (Gaerod)  into  the  structures  compos- 
ing the  joint,  and  from  this  crystalline  deposits  are  precipitated 
(Fig.  144).  The  crystals  consist  of  sodium  urate,  sodium  chlo- 
ride, calcium  carbonate  and  phosphate,  hippuric  acid,  and  com- 
pounds of  uric  acid  with  calcium,  magnesium,  and  ammonium. 
They  form  white  chalky  or  mortar-like  masses,  and  are  usually 
found  in  the  matrix  of  the  articular  cartilage  and  in  the  tissue  of 
the  ligaments.  After  long  continuance  of  the  process  they  are 
also  discoverable  in  the  periosteum,  in  the  bones,  and  in  the 
tissues  surrounding  the  joint,  particularly  in  the  adjacent  tendons, 
bursae,  etc. 

The  deposition  usually  takes  place  paroxysmally,  and  leads  to 
severe  reactive  inflammation  of  the  affected  tissues,  which  is  at 
first  manifested  by  hyperaemia  and  oedematous  swelling  of  the 
fibrous  tissues  of  and  about  the  joint,  and  of  the  overlying  skin. 
Frequent  recurrence  of  such  attacks  results  in  fibrillation  and 
erosion  of  the  cartilage,  proliferation  of  the  periosteum  accom- 
panied by  ossification,  thickening  of  the  synovial  membrane,  and 
permanent  swelling  of  the  tissue  round  the  joint.  This  thickening 
and  swelling  produces  the  nodular  masses  known  as  tophi  or 
gouty  nodes,  which  enclose  chalky  deposits  (Fig.  160).  In 
far-advanced  cases  extensive  erosions  of  cartilage  and  bone  oc- 
cur in  the  encrusted  articular  ends  of,  the  bones ;  and  around 
the  deposits  in  the  adjacent  structures  the  tissue  inflames,  pro- 
liferates, and  ultimately  softens  and  breaks  down.  In  this  way 
are  formed  abscess-like  cavities  filled  with  uratic  concretions  and 
pus,  and  these  at  length  rupture  externally.  The  disease  in  this 
form  is  most  apt  to  appear  in  the  smaller  joints  of  the  hands  and 
feet,  but  it  may  attack  any  other  joint. 
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CHAPTER   XXIV 
TUBERCULOSIS  AND   SYPHILIS  OF  JOINTS 

76.  Articular  tuberculosis  appears  both  as  a  primary  and  as 
a  secondary  affection.  In  the  former  case  the  process  may  com- 
mence in  any  portion  of  the  synovial  membrane;  in  the  latter  it  is 
an  extension  of  tuberculous  disease  of  the  bones  or  bursae  adjacent 
to  the  joint.  The  tuberculous  foci  situated  in  the  marrow  or  peri- 
osteum of  the  articular  ends  of  the  bones  infect  the  joint  either  by 
continuous  extension  through  the  intervening  tissues,  or  by  the 
transport  of  bacilli  through  the  lymph-channels. 

When  the  synovial  membrane  is  infected  at  any  one  point,  and 
the  tubercle-bacilli  develope  and  multiply,  the  infection  is  usually 
disseminated  within  the  joint,  and  grey  tubercles  appear  at  dif- 
ferent places  on  the  membrane.  The  tubercles  become  more 
numerous  as  time  goes  on,  and  finally  the  membrane  is  studded 
over  with  them.  They  are  rarely  aggregated  into  caseous  or  fibro- 
caseous  nodes  of  any  great  size. 

When  the  tubercles  are  isolated,  as  in  general  miliary  tuber- 
culosis (Konig),  the  rest  of  the  synovial  tissue  may  undergo  no 
perceptible  change.  Where  the  tubercles  are  more  abundantly 
developed,  hyperaemia,  diffuse  inflammatory  changes,  prolifera- 
tion, and  exudation  are  induced.  The  synovial  tissue  is  accord- 
ingly reddened,  swollen,  and  moderately  infiltrated  with  ceUs  ;  or 
more  or  less  extensively  converted  into  soft  greyish-red  granulo- 
matous tissue,  beset  with  grey  or  whitish  tubercles  (fungous  or 
granular  arthritis).  The  joint-cavity  contains  an  effusion  that 
is  serous  (^hydrops  tuber culosus),  sero-fibrinous,  slightly  turbid 
with  pus,  fibrino-purulent,  or  simply  purulent  (tuberculous  empy- 
ema of  the  joint).  Purulent  effusion  is  most  common  when  the 
synovial  tissue  is  partly  converted  into  granulomatous  tissue. 
The  deposits  of  fibrin  take  the  form  of  shreds  and  films  overlying 
the  granulations.  Sometimes  the  joint  contains  rice-like  or 
melon-seed  bodies,  formed  from  clots  of  fibrin  or  detached  frag- 
ments of  tissue  (Art.  77). 

The  tuberculous  granulomatous  tissue  may  extend  from  the 
periphery  towards  the  cartilage,  and  grow  over  it  for  a  certain 
distance  (Fig.  161  i).  Whenever  the  granulation-tissue  con- 
tinues for  a  time  in  contact  with  the  cartilage,  the  latter  is 
destroyed,  the  granulation-cells  dissolving  its  matrix  and  pene- 
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trating  into  the  cell-capsules  (^  K).    Resorption  of  the  underlying 
bone  (d  ¥)  usually  accompanies  the  dissolution  of  the  cartilage. 

Frequently  the  granulations  grow  from  the  periphery  into  the 
interior  of  the  articular  cartilage,  and  thus  separate  its  super- 
ficial layers  from  the  deeper  ones.  They  also  extend  into  the 
subchondral  bone-marrow,  and  press  against  the  encrusting  carti- 
lage from  this  side.  If  they  here  attain  to  considerable  dimen- 
sions, as  when  the  subchondral  tissue  is  from  the  outset  the  seat 
of  tuberculous  granulation,  the  cartilage  is  apt  to  be  broken 
through  from  below,  and  so  to  become  separated  from  the  bone. 


Fig.  161.    Tuberculous  (kungous)  arthritis. 

(Section  through  the  cartilage  and  subchondral  tissue  of  the  head  of  the  femur,  showing 
resorption  of  cartilage  and  bone  by  the  fungous  granulations :  preparation  hardened 
in  Mailer's  fluid  and  alcohol,  decalcified  loith  picric  acid,  stained  with  haematozylin, 
and  mounted  in  Canada  balsam :  x  100) 


a  hyaline  cartilage 

6  isolated,  and 

c  grouped,  proliferous  cartilage-cells 

d  osseous  trabecnlae 

e  bone-marrow 

/  granulomatous  tissue 


g    proliferous  cartilage-cells  mingled  with 

round-cells 
h    dehiscent  cell-capsules 
i    granulations  covered  over  with  fibrin 
k    osteoclasts 


Side  by  side  with  the  formation  of  tuberculous  granulations, 
there  is  usually  a  certain  amount  of  non-tuberculous  proliferation 
of  the  synovial  membrane  and  often  of  the  bone-marrow  also  ; 
this  is  probably  a  result  of  the  accompanying  inflammation.  In 
the  synovial  membrane  the  proliferation  leads  to  the  formation 
of  new  papillomatous  villi.  In  general,  however,  the  only  result 
is  that   the   synovial  membrane  becomes  thickened,  and  grows 
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over  the  articular  surface  from  its  margin  in  the  form  of  loose 
gelatinous  or  dropsical  fibrous  tissue,  more  or  less  completely  vas- 
cularised  (Fig.  162  d}.  This  finally  covers  over  the  whole  carti- 
lage, whose  superficial  layers,  thus  subjected  to  entirely  new 
conditions,  are  converted  into  mucoid  (6  6j)  and  soft  connective 
tissue.  Vessels  also  sometimes  grow  into  the  substance  of  the 
cartilage,  and  directly  transform  it  in  places  into  mucoid  tissue. 

The  proliferous  bone-marrow  usually  forms  a  mere  reddened 
zone  or  seam  beneath  the  cartilage,  though  the  process  occasion- 
ally extends  to  the  deeper  layers  of  the  marrow.  The  marrow 
loses  its  fat,  and  is  converted  either  into  gelatinous  or  into  lym- 
phoid marrow.     If  the  condition  persists  for  a  time,  more  or  less 


Fig.  162.    Tuberculous  arthritis. 

(The  articular  cartilage  is  covered  over  with  fibrous  tissue  and  transformed  by  metaplasia 
into  mucoid  tissue :  preparation  hardened  in  MUUer's  fluid  and  alcohol,  stained 
with  haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  x  100) 

a    hyaline  cartilage  d  fibrous  tissue 

6  61  mucoid  tissue  e  blood-vessel 

c    liyaline   cartilage   persisting  between  /  round-cells 
the  ingrowths  of  mucoid  tissue 

extensive  resorption  of  the  bone  (Fig.  161  d  h)  takes  place,  the 
cartilage  becoming  permeated  by  medullary  spaces. 

While  the  above-described  processes  are  in  progress  within 
the  joint,  the  surrounding  soft  parts  are  the  seat  of  oedematous 
swelling :  the  fibrous  structures  become  more  and  more  brawny 
and  coarsely  fascicular,  and  the  skin  appears  pale,  smooth,  and 
glistening  (tumor  albus  or  white  swelling).  Sooner  or  later 
foci  of  granulation  develope  in  the  parts  about  the  joint,  and 
presently  caseous  nodes  and  cold  tuberculous  abscesses  are 
produced.  These  often  rupture  externally  and  lead  to  the  forma- 
tion of  fistulous  tracks  or  sinuses,  the  walls  of  which  are  com- 
posed of  tuberculous  granulations  and  of  brawny  fibrous  tissue. 
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Such  sinuses  are  usually  due  to  the  external  rupture  of  tubercu- 
lous foci  in  bones  or  joints;  they  may  however  arise  independently 
from  lymphangitic  granulomatous  nodes. 

Tuberculous  arthritis  affects  both  the  large  and  the  small 
articulations,  and  is  one  of  the  commonest  of  joint-affections. 

In  the  large  joints  of  the  limbs  (Fig.  163),  when  the  disease 
has  lasted  long  enough,  not  only  the  entire  cartilage  but  also 
parts  of  the  capsule  and  of  the  adjacent  bone  (b  c)  may  have  dis- 
appeared :  the  head  of  the  bone  may  be  more  or  less  destroyed, 
the  acetabular  socket  (a)  widened  out,  and  the  bone  in  its  neigh- 
bourhood (h  c)  carious  and  eroded.  Such  changes  occasionally 
lead  to  spontaneous  displacement  of  the  articulating  bones,  which 
is  described  as  dislocation  from  caries. 


Fig.  163.    TcEBKCUiiOus  caries  about  the  acetabulum  of  the  left  hip-joint. 

{Reduced  to  one-half  the  natural  size) 

a    perforation  of  the  acetabulum  c    carious  defects  in  the  os  pubis 

b    carious  defects  in  the  ilium  d    obturator  foramen 

The  condition  of  tuberculous  caries  is  sometimes  clinically 
described  as  arthrocace. 

Syphilitic  affections  of  the  joints  make  their  appearance 
either  at  the  time  of  the  secondary  eruptive  stage  or  in  the 
tertiary  stage  of  the  disease.  In  the  secondary  stage  the  affec- 
tion takes  the  form  of  serous  synovitis,  resembling  that  associated 
with  acute  articular  rheumatism.  In  rare  cases  a  like  effusion 
takes  place  even  in  the  later  stages;  but  as  a  rule  the  tertiary 
syphilitic  arthropathies  are  of  a  chronic  kind,  and  are  characterised 
by  the  formation  of  gummatous  nodes  and  thickenings  in  the  cap- 
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sule,  proliferation  of  the  synovial  membrane,  and  fibrillation  and 
erosion  of  the  cartilage.  Syphilitic  arthritis  may  appear  as  a 
primary  affection  of  the  joint,  or  may  be  due  to  the  extension  into 
it  of  specific  inflammation  from  the  periosteum  or  bone-marrow. 
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CHAPTER   XXV 
LOOSE  BODIES  IN  THE  JOINTS 

77.  In  the  foregoing  paragraphs  we  have  already  more  than 
once  referred  to  loose  bodies  within  the  joints,  arising  as  the 
result  of  traumatic  injury  or  of  inflammatory  processes  and  tuber- 
culous affections.  In  clinical  descriptions  they  are  sometimes 
referred  to  generally  as  "  loose  cartilages,"  or  mures  articuli. 

The  following  classification  of  these  bodies  may  be  made,  ac- 
cording to  their  histological  structure  :  (1)  Foreign  bodies  which 
have  penetrated  from  without ;  (2)  bodies  composed  of  cartilage ; 
(3)  bodies  composed  of  bone,  or  of  cartilage  and  bone  ;  (4)  bodies 
composed  of  fatty  tissue ;  (6)  bodies  composed  of  fibrous  tissue ; 
(6)  bodies  composed  of  fibrin.  Any  of  these  forms,  not  originally 
composed  of  bone,  may  undergo  calcification. 

They  may  arise  (1)  from  the  detachment  of  fragments  of  nor- 
mal cartilage  or  bone;  (2)  from  the  detachment  of  overgrown 
synovial  villi  that  have  become  cartilaginous,  fibrous,  or  lipomatous ; 
(3)  from  flakes  of  cartilage  or  bone  formed  upon  the  inner  surface 
of  the  capsular  ligament,  or  formed  outside  the  joint  and  then 
invaginated  (Laennec)  ;  (4)  from  the  detachment  of  hyperplastic 
outgrowths  from  the  cartilage ;  (5)  from  the  exfoliation  of  frag- 
ments of  necrotic  tissue,  as  in  tuberculosis  (Neumann,  Schtjch- 
ARDT,  Goldmann)  ;  (6)  from  deposits  of  fibrin  in  cases  of  haemo- 
rrhagic  or  fibrinous  effusion ;  (7)  from  foreign  bodies  forced  into 
the  joint.  The  most  important  are  those  resulting  from  the  sepa- 
ration of  hyperplastic  excrescences,  as  in  arthritis  deformans. 
These,  as  a  rule,  are  composed  of  cartilage,  produced  by  prolifera- 
tion of  the  cartilaginous  nodules  normally  existing  in  the  synovial 
folds  and  in  the  walls  of  the  capsule.  They  vary  in  size  from 
that  of  a  millet-seed  to  that  of  a  hazel-nut,  or  even  larger,  and  are 
often  ossified  in  the  centre.  They  usually  occur  in  the  knee  and 
in  the  wrist,  more  rarely  in  the  hip,  shoulder,  elbow,  and  ankle 
joints.  They  may  be  very  numerous,  instances  of  ten,  twenty, 
fifty,  and  even  more  having  been  recorded, 
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CHAPTER   XXVI 
THE  MUSCLES 

78.  The  striated  fibres  that  form  the  essential  component  of 
the  voluntary  muscles  are  of  cylindrical  form,  varying  from  15  to 
55  microns  (micro-millimetres)  in  diameter,  and  at  times  reach- 
ing 5  centimetres  in  length.  They  are  composed  of  a  sheath,  a 
contractile  substance,  and  nuclei.  The  contractile  substance  is  of 
soft  consistence  and  peculiar  structure,  being  made  up  of  fibrils 
transversely  striped  with  bands  that  on  optical  examination  appear 
alternately  light  and  dark. 

The  muscle-nuclei  are  scattered  over  the  surface  of  the  con- 
tractile muscle-cylinder ;  in  form  they  are  prolate  spheroids,  their 
long  axes  being  invariably  parallel  to  the  axis  of  the  cylinder.  An 
aggregation  of  granular  protoplasmic  material  is  often  observed  at 
their  poles. 

The  sheath  or  sarcolemma  consists  of  an  elastic  transparent 
structureless  membrane,  which  forms  a  tube  enclosing  the  con- 
tractile substance  and  closely  investing  its  surface. 

The  length  of  a  muscle  varies  with  the  amplitude  of  its  pos- 
sible range  of  contraction  in  the  longitudinal  direction.  Its  thick- 
ness, on  the  other  hand,  is  determined  by  the  tension  to  which  it 
is  subjected  during  contraction.  A  muscle  so  placed  that  in  pro- 
portion to  its  length  it  undergoes  but  little  longitudinal  contrac- 
tion is  under  relatively  unfavourable  conditions;  and  it  accordingly 
shortens  until  a  certain  definite  proportion  is  established  between 
its  length  and  the  range  of  its  contraction.  When  its  tension  is 
persistently  maintained  below  the  normal,  the  muscle  loses  in  thick- 
ness. If  the  muscle  is  rendered  permanently  incapable  of  altering 
its  length,  and  if  at  the  same  time  it  receives  neither  voluntary 
nor  reflex  nervous  impulses,  its  fibres  perish  by  degeneration,  and 
are  absorbed. 

A  muscle-fibre  which  is  prevented  from  contracting,  but  is  sub- 
ject to  stimulation  by  vigorous  nervous  impulses,  may  increase  in 
bulk  and  consequently  become  thicker.  In  time,  however,  such  a 
fibre  becomes  over-fatigued,  and  the  result  is  generally  fatty  de- 
generation and  atrophy. 

When  a  muscle  receives  abnormally  powerful  impulses  through 
the  nerves,  it  usually  hypertrophies,  should  exhaustion  from  over- 
fatigue not  supervene.     Excessive  tension  of  a  muscle  results  in 
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enlargement  of  its  cross-section,  while  increased  range  of  contrac- 
tion induces  permanent  elongation. 

Impairment  of  the  functional  power  of  a  muscle  may  be  caused 
by  section  of  its  tendon  or  of  the  muscle  itself,  or  by  fixation  of 
the  bones  connected  by  a  joint  which  is  moved  by  the  muscle.  In 
both  cases  muscular  atrophy  from  disuse  is  the  result,  and  is 
most  pronounced  when  the  muscle  is,  under  the  new  conditions,  in 
no  way  stimulated  to  contract.  Such  atrophy  is  still  more  rapid 
in  disorders  of  the  innervation  of  the  muscle,  such  as  result  from 
morbid  changes  in  the  nervous  system.  There  is  indeed  a  whole 
series  of  neuropathic  atrophies  in  which  wasting  and  disappear- 
ance of  the  muscles  is  directly  referable  to  disease  of  the  central 
or  peripheral  nervous  system. 

As  regards  the  central  nervous  system,  degeneration  and  atro- 
phy of  the  large  ganglion-cells  in  the  anterior  horns  of  the  spinal 
cord  and  grey  nuclei  of  the  medulla,  and  of  the  anterior  nerve- 
roots  proceeding  from  these  cells,  are  the  chief  causes  of  the  class 
of  muscular  atrophies  specially  distinguished  as  spinal  and  bulbar 
amyotrophies.  The  extent  of  the  muscular  atrophy  is  naturally 
proportional  to  the  extent  of  the  disease  in  the  cord.  It  may  be 
confined  to  single  muscles  or  to  special  groups  of  muscles  in  focal 
diseases  such  as  acute  anterior  poliomyelitis,  myelomalacia,  dis- 
seminated sclerosis,  tumours,  degeneration  from  compression,  etc. 
On  the  other  hand,  atrophic  degeneration  successively  affecting 
the  ganglion-cells  of  the  anterior  horns  throughout  the  cord  will 
be  accompanied  by  muscular  atrophy  gradually  extending  to  all 
the  striated  muscles  receiving  their  nerve-supply  from  the  affected 
region.  In  this  way  paralytic  affections  are  induced,  whose 
essential  symptom  is  muscular  atrophy  increasing  in  extent  and 
intensity  as  years  go  on ;  this  type  of  disease  has  accordingly  been 
designated  progressive  spinal  atrophy  of  the  muscles,  or  more 
briefly  progressive  spinal  amyotrophy.  It  appears  in  its  typi- 
cal form  in  vigorous  persons  who  have  been  previously  healthy, 
and  as  a  rule  first  supervenes  in  those  muscles  that  have  been 
most  subject  to  exertion.  Manual  labourers  often  suffer  first  in 
the  muscles  of  the  hand,  particularly  the  interosseous  and  lum- 
brical  muscles,  or  those  of  the  thenar  and  hypothenar  eminences. 
In  other  cases  the  disease  begins  in  the  muscles  of  the  shoulder- 
blade  or  of  the  arm.  E'rom  the  parts  first  affected  the  atrophy 
slowly  extends  to  other  muscles  or  groups  of  muscles  per  saltum, 
and  usually  involves  both  sides  of  the  body,  but  in  irregular  se- 
quence. In  severe  cases  the  atrophy  extends  over  the  greater 
part  of  the  muscular  system.  The  muscles  innervated  from  the 
medulla  oblongata  may  also  be  attacked  (progressive  bulbar 
paralysis).  Occasionally  the  process  is  arrested  after  a  number 
of  muscles  have  undergone  atrophy.  The  muscles  of  the  legs  are 
attacked,  if  at  all,  only  in  the  later  stages.  In  particular  muscles 
the  striated  fibres  may  almost  completely  disappear,  so  that  only 
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the  fibrous  structures  connected  with  them  remam.  The  atrophic 
muscles  are  sometimes  pale,  sometimes  colourless,  sometimes 
stained  with  brownish  pigmentation. 

Besides  the  typical  form  of  progressive  spinal  muscular  atro- 
phy, first  accurately  described  by  Duchennb  and  Aran,  atypi- 
cal forms  also  occur,  which  begin  in  other  situations  than  those 
described,  for  example  in  the  lower  extremities,  whence  the  atro- 
phy gradually  extends  upwards. 

The  neuropathic  muscular  atrophies  may  also,  according  to  the 
nature  of  the  nerve-lesion,  be  limited  to  single  muscles,  or  indeed 
to  single  parts  of  one  muscle  ;  or  they  may  extend  over  large  por- 
tions of  the  body  (as  in  the  muscular  atrophy  of  tabes  dorsalis). 
In  the  latter  case  the  atrophy  is  due  to  multiple  degenerations  of 
the  nerves.  Probably  the  amyotrophy  associated  with  chronic 
lead-poisoning,  and  affecting  chiefly  the  extensors  of  the  arm, 
belongs  to  this  latter  class. 

Muscular  atrophy  and  degeneration  may  further  be  due  to 
excessive  exertion,  the  result  of  over-excitation  (as  in  tetanus), 
hard  physical  labour,  or  undue  stretching  such  as  is  produced  by 
tumours  growing  beneath  or  between  the  muscles. 

Local  anaemia  following  the  embolic  occlusion  of  arteries, 
though  a  frequent  cause  of  degeneration  in  many  other  organs,  is  of 
slight  importance  as  a  factor  in  muscular  degeneration,  inasmuch  as 
the  abundant  anastomoses  of  the  muscular  vessels  enable  collateral 
circulation  to  be  readily  established.  On  the  other  hand,  anaemic 
necrosis  is  not  an  infrequent  occurrence  in  cases  of  extensive 
arterio-sclerosis  with  diminished  power  of  the  heart,  especially  in 
advanced  age.  So,  too,  local  compression  (as  in  the  case  of  bed- 
sores or  decubital  necroses),  haemorrhage  into  the  muscular  tissue, 
inflammatory  infiltration,  etc.,  at  times  result  in  anaemic  degen- 
eration. In  states  of  general  depression  of  nutrition,  or  of 
debility  from  chronic  disease,  the  muscles  often  waste  and  become 
pale  from  loss  of  their  colouring .  matter  (myohaemaglobin). 
Infective  febrile  diseases,  in  which  the  bodily  temperature  is 
raised,  and  in  which  the  constitution  of  the  blood  or  of  the  tissue- 
juices  becomes  altered  from  the  presence  in  them  of  toxic  sub- 
stances, also  exert  a  deleterious  influence  upon  the  muscles,  and 
induce  in  them  degenerative  changes  of  various  kinds. 

Inflammation,  hyperplasia  of  connective  tissue,  and  proliferous 
new-growths  cause  wasting  of  the  muscles,  partly  by  compressing 
their  fibres  and  partly  by  disordering  their  circulation,  nutrition, 
and  specific  function. 

In  many  forms  of  muscular  wasting  it  is  impossible  to  deter- 
mine with  certainty  the  causes  of  the  atrophy,  and  we  are,  therefore, 
obliged  to  regard  it  as  a  primary  myopathy.  This  is  especially 
the  case  with  certain  forms  of  progressive  muscular  atrophy,  the 
course  of  which  is  similar  to  that  of  the  progressive  spinal  disease, 
but  in  which  no  corresponding  changes  in  the  spinal  cord  can  be 
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demonstrated.  Such  lesions  are  accordingly  distinguished  from 
spinal  amyotrophy  by  the  term  progressive  muscular  dystrophy. 
We  may  distinguish,  according  to  the  time  of  appearance  of  the 
muscular  wasting,  an  infantile  form,  one  of  adolescence,  and  one 
of  adult  life  (Eeb)  :  or  again,  according  to  the  parts  affected,  a 
form  in  which  the  muscles  of  the  trunk,  the  lower  extremities, 
and  the  pelvis  are  those  chiefly  involved,  the  atrophy  in  some 
cases  being  accompanied  by  excessive  development  of  fat  in  the 
muscular  connective  tissue  (Art.  80) ;  and  a  second  form  in  which 
the  progressive  atrophy  mainly  affects  the  muscles  of  the  face, 
shoulder,  and  scapula  (Duchenne,  Landotjzy,  Dbjeeike, 
Hitzig). 
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79.  Wasting  of  muscle  takes  place  in  many  instances  unac- 
companied by  any  perceptible  change  in  the  structure  of  the  con- 
tractile substance,  and  is  then  termed  simple  atrophy.  It  occurs 
chiefly  in  connexion  with  the  adaptive  shortening  of  muscles  when 
the  functional  demands  on  them  are  lessened,  the  muscle-ifibres 
undergoing  a  corresponding  diminution  in  length  and  cross- 
section.     In  more  extensive  atrophy,  however,  such  as  charac- 


FiG.  164.    Section  thkough  an  atrophic  muscular  bundle  prom  a  case  of 

PROGRESSIVE   SPINAL  AMYOTROPHY. 

(Preparation  hardened  in  Mailer's  fluid  and  alcohol,  stained  with  Bismarck-brown,  and 
mounted  in  Canada  balsam :  x  200) 

a    normal  muscle-fibres  b   atrophied  muscle-fibres 

c    internal  perimysium  whose  nuclei  at  c  i  are  apparently  increased 

terises  progressive  spinal  amyotrophy,  the  wasting  of  advanced 
age,  various  cachectic  conditions,  and  primary  myopathic  wasting, 
the  muscle-fibres  sometimes  disappear  without  previous  alteration 
of  their  structure.  The  fibres  simply  decrease  more  and  more  in 
diameter  (B'ig.  164),  are  reduced  to  slender  filaments,  and  at  last 
disappear  altogether.  When  a  certain  degree  of  attenuation  is 
reached,  it  is  usual,  however,  for  the  striation  of  the  fibres  to  be 
effaced.     The  myohaemoglobin  contained  in  the  substance  of  the 
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muscle  generally  disappears  as  the  muscle  atrophies,  so  that  the 
tissue  becomes  pale,  at  times  almost  colourless.  In  other  cases 
pigment  is  separated  from  the  myohaemoglobin  and  deposited 
within  the  muscle  in  the  form  of  small  yellowish  and  brownish 
granules  (Fig.  165  c),  the  muscle  thereby  acquiring  a  brownish 
colour.  Shortening  may  be  associated  with  the  wasting,  the  mus- 
cular tissue  being  replaced  from  the  ends  inwards  by  tendinous 
fibrous  tissue. 

Degeneration  and  wasting  of  muscle-fibres  take  the  most  vari- 
ous forms,  according  as  they  occur  in  muscles  whose  nerves  are 
paralysed  or  whose  tissues  are 
pervaded  by  inflammatory  infil- 
trations or  proliferous  tumour- 
cells,  or  in  muscles  that  have 
been  crushed,  starved,  over- 
stretched, over-fatigued,  or  poi- 
soned by  infective  toxins  or 
chemical  substances.  In  such 
cases  simple  atrophy  is  less  com- 
mon :  more  frequent  are  cloudy 
swelling,  fatty  change,  vacuola- 
tion,  fragmentation,  lacunar  ero- 
sion, and  waxy  degeneration. 

Cloudy  s^welling  with  albu- 
minous degeneration  is  charac- 
terised by  the  appearance  of 
multitudes  of  minute  albuminous 
granules  in  the  protoplasm  of  the 
muscle ;  fatty  degeneration  by 
the  formation  of  minute  globules 
of  fat  in  the  interior  of  the  con- 
tractile substance  (Fig.  165  a). 
Wide-spread  fatty  degeneration 
gives  a  yellowish  colour  to  the 
muscle.  In  dropsical  or  vacuolar 
degeneration  clear  drops  are 
formed  in  the  interior  of  the 
muscle-fibres  (Figs.  166  and  167), 

either  singly  or  in  considerable  numbers,  so  that  the  fibre  appears 
cribriform  (Figs.  166  and  167  J),  or  is  reduced  to  a  froth-like 
consistence.  In  lacunar  erosion  small  pits  are  formed  in  the 
ensheathing  sarcolemma,  resembling  Howship's  lacunae  in  the 
bones.  These  pits  are  caused  by  the  intrusion  of  cells  that  lie  in 
the  internal  perimysium  and  indent  the  sarcolemma,  or,  penetrat- 
ing the  sarcolemma,  compress  the  contractile  substance  and  cause 
it  to  disappear.  This  process  is  most  commonly  observed  in 
metastatic  carcinomatous  infiltration  of  the  muscles.  In  frag- 
mentation of  the  muscular  fibres,  the  contractile  substance  breaks 


Fig.  165. 


Progressive  muscular 

ATROPHY. 


(From  a  case  of  ascending  atrophy  of 
the  anterior  horns  of  the  spinal  cord : 
teased  preparation :  x  300) 

a  striated  muscle-fibre  somewhat  atro- 
phied, containing  fat  and  pigment- 
granules 

b  pale  homogeneous  remains  of  the  con- 
tractile substance,  containing  fine 
granules 

c    yellow  pigment-granules 

d    proliferous  muscle-cells 

e    sarcolemma 


298 


THE  MUSCLES 


[chap.  XXVI 


up  into  fibrils  or  discs  ;  these  may  preserve  their  normal  appear- 
ance or  may  have  already  undergone  cloudy  or  hyaline  change. 
Waxy  or  hyaline  degeneration  is  characterised  by  necrosis  with 
coagulation  of  the  contractile  substance,  whereby  it  acquires  a 
homogeneous  glassy  appearance  and  breaks  up  into  hyaline  flakes 


Fig.  166.    Dropsical  muscle-fibres. 

(From,  the  calf-muscle  of  a  patient  with  chronic  oedema  of  the  legs :  preparation  fixed 
in  Flemming's  add  solution,  stained  with  saffranin,  and  mounted  in  Canada 
balsam :  x  45) 

(Fig.  168  5).  It  occurs  most  frequently  in  typhoid  fever,  and 
also,  though  somewhat  more  rarely,  in  the  course  of  other  infec- 
tive diseases,  such  as  septicaemia,  small-pox,  etc.  It  is  observed 
principally  in  the  recti  muscles  of  the  abdomen  and  the  adductors 
of  the  thigh.  Sometimes  it  appears  as  a  result  of  crushing, 
inflammation,  burns,  and  tetanic 
contraction  of  the  muscles,  and 
accompanies  the  development  of 


Fig.  167.    Transverse  section  through  a  muscle-bundle  containing  dropsical 

FIBRES. 

(Preparation  hardened  in  Mailer's  fluid,  stained  with  haematoxylin,  and  mounted  in 

Canada  balsam :  x  66) 

a    muscle-fibre  with  small  and  large  drops  of  liquid  6 


Fig.  168.    Waxy  degeneration  or  coagulative  necrosis  in  typhoid  fever. 
( Teased  preparation :  x  250) 


o    normal  striated  fibre 

6    degenerate  fibre  broken  up  into  hyaline  blocks 


c    enlarged  muscle-nucleus 
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new-growths  in  the  muscle-substance.  When  the  degeneration 
is  extreme,  the  muscle-nuclei  are  apt  to  disappear. 

When  the  degeneration  and  necrosis  involve  single  fibres  only, 
the  condition  is  not  recognisable  by  the  unaided  eye.  Degenera- 
tion of  a  large  number  of  fibres  causes  the  muscles  to  assume  a 
pale,  cloudy,  and  lustreless  appearance,  like  those  of  boiled  fish. 

Slight  cases  of  albuminous,  fatty,  or  vacuolar  degeneration  may 
recover  on  the  resumption  of  normal  conditions  of  innervation 
and  nutrition ;  severer  forms  (Fig.  165  J)  end  in  complete  disin- 
tegration and  destruction  of  the  muscle-fibres.  In  waxy  degener- 
ation the  contractile  substance  perishes,  breaks  up  into  smaller  and 
smaller  pieces  (Fig.  168  6),  and  is  at  last  absorbed. 

Partially  degenerate  muscles  that  are  stimulated  to  contraction 
sometimes  rupture  and  give  rise  to  haemorrhage. 

Both  in  simple  and  in  degenerative  atrophy  proliferation  of 
the  nuclei  of  some  of  the  fibres  is  not  uncommon.  This  prolifera- 
tion leads  sometimes  to  the  formation  of  long  chains  of  nuclei,  and 
sometimes  to  the  formation  of  nuclear  clusters  that  push  aside  the 
rest  of  the  fibre.  In  other  cases  sharply-defined  uninuclear  and 
multinuclear  cells  are  formed  beside  the  atrophic  fibres  (Fig. 
165  d).  Both  processes  are  to  be  regarded  as  indications  of 
regenerative  hyperplasia  of  the  muscle-cells,  though  they  usually 
do  not  lead  to  the  formation  of  new  muscle-fibres :  the  nuclei 
themselves  subsequently  perish,  especially  when  the  conditions 
unfavourable  to  preservation  of  the  muscle  are  persistent.  It 
must  be  noted,  nevertheless,  that  the  groups  of  nuclei  often  sur- 
vive for  a  long  time ;  and  even  when  the  muscle  itself  disappears, 
numerous  sarcolemma-sheaths  may  still  be  found  which  contain 
pigment-granules  together  with  groups  of  nuclei  or  multinuclear 
cells. 

G-angrenous  necrosis  of  the  muscular  tissue  occurs  most  fre- 
quently as  a  result  of  severe  infective  inflammations  (Art.  82), 
and  in  connexion  with  decubital  bed-sores ;  in  other  words,  where 
the  skin  and  subcutaneous  tissues  of  emaciated  patients  become 
gangrenous  from  exposure  to  continued  pressure.  The  muscles 
become  discoloured,  changing  to  dark-brown  or  dark-grey,  and 
fall  to  shreds  or  become  dry  and  shrivelled  by  evaporation.  Dry 
gangrene  or  mummification  of  the  muscles  ensues  when  mortified 
portions  of  the  limbs  thus  dry  up  on  exposure  to  the  air. 

Amyloid  degeneration  is  very  rare,  and  seems  to  supervene 
only  as  a  local  condition,  and  in  parts  altered  by  antecedent  inflam- 
mation. The  degeneration  i]q.volves  the  internal  perimysium  and 
the  sarcolemma,  which  are  thereby  thickened  and  acquire  a  trans- 
lucent appearance,  while  the  contractile  substance  disappears. 
The  process  has  been  observed  in  the  muscles  of  the  tongue  and 
larynx  (Zieglee),  where  the  amyloid  substance  formed  hard 
nodular  depositg. 

Calcification  of  the  muscles  is  most  frequently  observed  in  the 
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parts  surrounding  inspissated  residual  abscesses  and  in  inflamma- 
tory cicatricial  indurations.  H.  Meyer  has  met  with  calcifica- 
tion in  the  wasted  fibres  of  muscles  that  had  undergone  extreme 
atrophy. 

According  to  Beneke  (^V.  A.  99  1884),  waxy  degeneration  in  non-striated 
muscle-fibres  gives  rise  to  appearances  (of  hyaline  streaks,  bands,  and  frag- 
mentary flakes)  similar  to  those  observed  in  striated  fibres ;  as  in  the  latter  case, 
it  depends  on  a  process  of  swelling  and  coagulation  of  the  muscular  substance. 
It  may  be  artificially  reproduced  by  soaking  non-striated  muscle  in  solution  of 
sodium  chloride  (0.75  per  cent.). 
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80.  In  simple  as  well  as  in  pigmentary  and  fatty  atrophy  the 
perimysium  often  shows  no  perceptible  change.  Those  cases  in 
which  the  atrophy  is  unmistakably  due  to  local  disease  of  the 


Fig.  169.    Spinal  amyotrophy  with  lipomatosis. 

{From  the  calf-muscle  of  a  patient  suffering  from  atrophy  of  the  anterior  horns  of  the 
spinal  cord :  preparation  hardened  in  MUller's  fluid,  stained  loith  Bismarck-brown, 
and  mounted  in  Canada  balsam. :  x  60) 


o    transverse  section  of  atrophic  miiscle- 

fibres 
6    internal  perimysium 


c    fatty  tissue 
d    artery 
e    vein 


fibrous  structures  of  the  muscle,  for  example  to  inflammation  or 
neoplastic  growth,  naturally  form  an  exception.  But  instances 
as  in  certain  cases  of  progressive  atrophy,  wherein  the 


occur, 


internal  perimysium  appears  at  times  to  be  more  fully  deyeloped 
and  more  abundantly  nucleated  than  in  the  healthy  muscle,  and 
it  is  frequently  transformed  into  fatty  tissue  (Figs.  169  and  170). 
This  development  of  connective  and  fatty  tissue  is  sometimes  so 
marked  that  the  apparent  bulk  of  the  muscle  does  not  diminish, 
but  rather  increases.  The  appearance  has  led  to  the  application 
to  this  affection  of  the  term  muscular  pseudohypertrophy.     It 
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would  be  more  correct  to  describe  it  as  lipomatous  pseudohy- 
pertrophic atrophy  of  the  muscles. 

So  far  as  our  knowledge  at  present  goes,  the  multiplication  of 
the  nuclei  and  the  increase  of  the  connective  tissue  of  the  internal 
perimysium  are  sometimes  the  cause  and  sometimes  the  effect  of 
the  wasting  of  the  muscle.  Thiis  the  condition  of  fatty  hyper- 
plasia may  arise  in  paralysed  muscles,  in  which  the  atrophy  un- 
doubtedly precedes  the  proliferation.  The  development  of  fat  in 
the  connective  tissue  that  takes  place  in  progressive  muscular 
atrophy,  as  well  as  in  local  atrophy  from  disuse,  is  in  many 
instances  evidently  a  secondary  condition.  The  atrophy  of  the 
muscles  (Fig.  169  a  b)  may  be  already  so  far  advanced  that  whole 


Fig.  170.    Lipomatosis  with  atrophy  of  the  calf-muscles. 
(Preparation  treated  as  in  Fig.  169 :  X  60) 

disintegrated  contractile  substance 


a  transverse  section  of  a  normal,  ai  of  an 
atrophic  muscle-fibre,  Og  transverse 
section  of  a  sarcolemma-sheath  with 


6    connective-tissue  septa 
c    fatty  tissue 


muscle-bundles  no  longer  contain  a  single  healthy  fibre  when  the 
deposition  of  fat  (e)  begins,  the  fat  in  this  case  often  remaining 
strictly  confined  to  the  immediate  neighbourhood  of  the  blood- 
vessels (d).  The  process  can  therefore  be  regarded  only  as  an 
amyotrophy  with  subsequent  lipomatosis  of  the  connective  tissue. 
In  other  cases  the  internal  perimysium  increases  first,  and  is 
transformed  into  fatty  tissue  while  the  muscles  are  still  well  pre- 
served, much  in  the  way  observed  in  the  process  of  fattening  cat- 
tle. The  muscle-fibres  (Fig.  170  a)  are  thereby  forced  asunder, 
and  as  they  thereupon  or  afterwards  disappear  (asj  a^),  sometimes 
with  disintegration  of  their  protoplasm  into  fragmentary  detritus, 
it  certainly  looks  as  if  the  overgrowth  of  fatty  tissue  were  the 
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cause  of  the  muscular  atrophy.  It  is  nevertheless  possible  that 
the  muscular  atrophy  and  the  lipomatosis  of  the  connective  tissue 
may  be  contemporaneous  and  related  to  some  common  cause,  or 
that  the  muscular  atrophy  is  due  to  some  independent  cause. 

The  most  typical  example  of  lipomatous  pseudohypertrophy 
is  furnished  by  a  special  form  of  progressive  muscular  atrophy 
observed  in  childhood,  or  at  least  in  early  youth,  and  especially 
in  boys.  Pseudohypertrophic  muscular  peireilysis,  as  it  is  clini- 
cally termed,  often  appears  in  several  children  of  the  same  family, 
and  is  at  times  hereditary.  It  chiefly  affects  the  muscles  of  the 
trunk,  the  pelvis,  the  lower  limbs,  and  the  shoulder-girdle,  while 
the  hands  and  arms  commonly  escape.  Most  of  the  atrophic  mus- 
cles are  at  the  same  time  enlarged  in  girth  by  the  development  of 
fat  within  them  ;  but  this  enlargement  is  sometimes  absent.  The 
affection  is  probably  a  primary  myopathy,  nearly  related  to  the 
other  primary  myopathic  atrophies  that  occur  in  youth  and  exhibit 
the  same  distribution,  though  at  times  they  involve  the  face  as 
well  as  the  shoulder  and  scapular  regions  (Duchenne  of  Bou- 
logne, Landouzy,  Dbjerinb).  It  should  therefore  be  classed 
with  the  muscular  affections  grouped  under  the  term  progressive 
muscular  dystrophy  (Erb).  Probably  the  disease  depends  upon 
some  unknown  eongenital  perversion  of  the  muscular  tissue,  of 
which  all  we  can  say  is  that,  at  the  time  of  active  growth  or  even 
later,  it  leads  to  the  development  of  connective  tissue  and  fat  in 
the  internal  perimysium  and  to  atrophy  of  the  muscle-fibres. 
According  to  Erb,  Schultzb,  and  Hitzig,  there  are  also  muscular 
dystrophies  in  which  a  state  of  true  hypertrophy  of  the  muscle- 
fibres  precedes  the  onset  of  atrophy. 

References  on  Lipomatous  Pseudohypertrophy  (see  also  Art.  78). 
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81.  Hypertrophy  of  the  muscles  may  be  brought  about  by- 
increased  muscular  work,  and.  is  manifested  both  by  lengthening 
and  by  thickening  of  the  fibres,  and  probably  also  by  increase  in 
their  number. 

In  rare  cases  (E'kibdrbich,  Aubkbach,  and  Bergeb)  hyper- 
trophy of  single  groups  of  muscles  is  met  with,  and  is  either 
congenital  or  acquired  in  later  life.  In  the  latter  case,  injury  or 
disease  (as  in  typhoid  fever)  may  give  rise  to  the  condition.  Ac- 
cording to  Ekb,  Schultze,  and  HiTZiG,  in  progressive  muscular 
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Fig.  171.    Muscle-fibres  in  process  of  regenerative  proliferation, 

TAKEN  from  WOUNDS  OF  DIFFERENT  AGES. 

{Preparation  hardened  in  Flemming's  acid  solution,  stained  with  saffranin,  and 
mounted  in  Canada  balsam :  X  350) 


split  stump  of  a  muscle-fibre  with 
pointed  ends,  showing  karyokinetic 
figures  (three  days  after  rupture) 

proliferous  muscle-nuclei  trailsformed 
into  cells  with  abundant  protoplasm, 
one  of  them  in  process  of  mitotic  sub- 
division 

portion  of  a  muscle-fibre  eight  days 
after  constriction  by  ligature 


d  giant-cell  enclosing  a  fragment  of  ne- 
crotic muscle  (from  a  muscular  cica- 
trix twenty-six  days  old) 

e  and  /  muscle-fibres  ending  in  protoplas- 
mic masses  or  muscle-buds  (e  from  a 
cicatrix  ten  days  old,  /  from  a  cica- 
trix twenty-one  days  old) 

g  subdividing  muscle-fibre  (from  a  cica- 
trix forty-three  days  old) 


dystrophy,  and  even  in  certain  cases  of  spinal  amyotrophy,  single 
muscle-fibres  or  whole  fasciculi  may  be  hypertrophic.  In  the 
condition  known  as  Thomsen's  disease,  or  congenital  myotonia 
(Stkumpell,  Ekb),  due  to  some  congenital  injury  and  manifested 
by  disorders  of  voluntary  movement,  by  tense  rigidity  and  slow 
relaxation  of  the  muscles,  and  by  apparent  hypertrophy  with 
diminished  contractile  power,  Ekb  states  that  there  is  considerable 
hypertrophy  of  the  separate  muscle-fibres,  with  marked  increase 
of  their  nuclei  and   modification  of  their  finer  structure.     The 
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modification  consists  in  a  homogeneous  appearance  of  the  fibres 
on  section,  with  indistinctness  of  their  striation  and  the  formation 
of  vacuoles  within  them.  Further  investigation  is  required  before 
we  can  be  certain  that  these  details  are  correct.  The  measure- 
ments of  the  fibres  regarded  as  hypertrophic  have  hitherto  been 
made  only  in  fragments  of  muscle  taken  from  the  living  subject, 
and  as  the  very  process  of  excision  induces  contraction  and  physi- 
ological thickening  of  the  fibres,  no  strict  comparison  with  fibres 
from  the  dead  body  is  possible. 

Regeneration  of  muscle  starts  in  all  cases  from  the  elements 
of  the  muscle  itself,  in  such  wise  that  after  an  injury  affecting  all 
the  constituent  structures  the  connective  tissue  reproduces  con- 
nective tissue,  and  the  muscle-fibres  new  muscle-fibres,  and  the 
latter  thereupon  penetrate  into  the  newly -formed  connective  tis- 
sue. After  section  of  a  muscle  a  scar  of  connective  tissue  is  first 
formed  out  of  granulations  in  the  usual  way  ;  but  this  scar  in  the 
course  of  a  few  weeks  becomes  permeated  by  new  muscle-fibres. 

The  formation  of  the  new  muscle-fibres  begins  by  proliferation 
of  the  muscle-ceUs  (Fig.  171  a),  followed  by  an  increase  of  their 
protoplasm.  In  this  way,  at  the  ends  or  in  the  course  of  the 
fibres,  multinuclear  aggregations  of  protoplasm  are  formed  (Fig. 
171  0  ef);  these  continue  to  grow  and  ultimately  form  so-called 
muscle-buds,  from  which  by  a  subsequent  process  of  differentia- 
tion striated  contractile  substance  is  produced.  The  growing 
muscle-fibre  at  times  undergoes  longitudinal  subdivision  (a  b), 
either  before  or  after  the  formation  of  the  muscle-buds,  so  that  one 
older  fibre  may  give  rise  to  two  or  three  younger  fibres  {g). 

Not  only  do  those  muscle-nuclei  proliferate  that  remain  at- 
tached to  the  intact  contractile  substance,  but  also  those  that  have 
become  detached  at  the  seat  of  injury  or  degeneration,  and  these 
become  transformed  into  large  uninuclear  or  multinuclear  cells 
(6  d').  It  is  still  uncertain  how  far  these  cells  contribute  to  the 
regeneration  of  the  muscle.  The  greater  number  probably  perish, 
though  it  is  possible  that  the  protoplasmic  masses  formed  by  them 
are  converted  into  contractile  substance.  If  the  sarcolemma  con- 
tains products  of  the  disintegration  of  the  old  muscle-fibres,  the 
new-formed  multinuclear  cells  or  sarcoblasts  may  assimilate  them, 
or  at  least  enclose  (c?)  and  ultimately  destroy  them. 

References  on  Hypertrophy  of  Muscle  and  Congenital  Myotonia. 
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82.  Myositis,  or  inflammation  of  the  muscles,  is  usually  a 
secondary  result  of  inflammations  in  the  neighbouring  parts  and 
of  traumatic  injuries ;  but  it  is  also  occasionally  induced  by  con- 
tamination of  the  blood,  or  by  disturbances  of  the  circulation. 
Inflammations  of  the  first-named  kind  extend  as  a  rule  from  the 
bones  and  joints,  or  from  parts  of  the  skin  and  mucous  membrane 
overlying  the  muscles.  They  may,  however,  also  reach  the  muscles 
from  other  contiguous  parts  of  the  body,  such  as  the  pleura,  the 
tissue  about  the  kidney,  or  the  peritoneum. 

Haematogenous  inflammations,  due  to  contamination  of  the 
blood,  are  for  the  most  part  of  the  nature  of  bacterial  infection; 
they  arise,  for  example,  from  pyaemic  infection  due  to  wounds, 
infective  osteomyelitis,  puerperal  pyaemia,  acute  rheumatic  ar- 
thritis, glanders,  or  typhoid  fever.  It  is,  however,  to  be  remarked 
that  infiltration  does  not  invariably  result  from  the  inflammation ; 
frequently  the  condition  gives  rise  to  little  else  than  degeneration 
of  the  contractile  substance. 

The  slightest  forms  of  myositis,  such  as  are  due  to  alteration 
of  the  blood,  as  in  typhoid  fever,  to  slight  injuries  such  as  strains, 
bruises,  haemorrhages,  and  the  like,  or  to  extension  from  inflam- 
mations of  the  contiguous  parts,  are  generally  transient.  They 
are  manifested  by  infiltration  of  the  perimysium  with  liquid,  and 
accumulation  of  round-cells  in  the  connective  tissue.  The  mus- 
cular fibres  often  remain  intact  throughout.  When  they  also 
suffer,  cloudy  swelling,  fatty  degeneration,  and  coagulative  necro- 
sis make  their  appearance. 

A  febrile  disease  has  in  recent  years  been  described  by  various 
writers  under  the  name  of  acute  primary  polymyositis  (P. 
Wagnee,  Unvbbeicht,  Hepp,  STiiiJMPELL,  Lewy).  Its  clinical 
symptoms  are  pain,  disorders  of  voluntary  movement,  and  oedema- 
tous  swelling  of  the  tongue  and  it  may  be  of  most  of  the'  muscles 
of  the  body.  Steumpell  has  found  in  the  affected  muscles  granu- 
lar and  vacuolar  degeneration  of  the  fibres,  with  loss  of  striation 
and  proliferation  of  the  nuclei,  and  aggregations  of  small  ceUs  in 
the  intermuscular  connective  tissue. 

Inflammations  that  do  not  destroy  the  structure  of  the  muscle 
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recover  without  leaving  permanent  alterations.  Scars  and  indur- 
ations result  from  more  intense  inflammations.  In  cases  of 
purulent  inflammation  (purulent  myositis)  suppuration  of  the 
muscle  may  be  the  ultimate  result.  The  muscle,  which  at  the 
commencement  of  the  inflammation  was  hyperaemic  and  swollen, 
begins  to  change  colour,  becomes  mottled  with  red,  brown,  yel- 
low, and  greyish-green,  and  is  soft  and  friable  ;  it  may  finally 
change  to  yellow  or  greyish-yellow,  or  from  admixture  with 
blood,  to  brown  or  greyish-green,  and  break  down  into  a  semi- 
liquid  pulp,  containing  shreds  of  macerated  muscle.  At  a  later 
stage  abscesses  are  formed ;  sometimes  these  are  single,  but  at 
times  they  are  very  numerous,  so  that  an  entire  muscle  or  group 
of  muscles  becomes  riddled  with  abscesses  of  all  sizes,  and  the 
intervening  muscular  tissue  is  changed  in  colour  to  grey,  yellow, 
greenish,  or  dirty-brown. 

Purulent  and  gangrenous  inflammations  of  muscle  occur  only 
as  consequences  of  infection,  and  their  course  is  accordingly  de- 
pendent upon  the  nature  of  the  exciting  cause ;  malnutrition 
may,  however,  favour  the  disintegration  of  the  muscular  tissue. 
Open  infected  wounds,  phlegmonous  inflammation  of  the  sub- 
cutaneous cellular  tissue,  severe  erysipelas,  or  faecal  abscesses 
starting  from  the  intestine,  are  the  most  frequent  causes  of  sup- 
puration, gangrenous  necrosis,  and  putrid  inflammation  of  muscle. 
The  haematogenous  forms  (as  in  infective  osteomyelitis)  are 
rarer,  and  commonly  have  a  merely  purulent  character.  When 
the  stage  of  suppuration  and  abscess  has  been  reached,  and  the 
muscular  tissue  has  consequently  been  destroyed,  a  permanent 
loss  of  substance  remains.  Small  abscesses  may  be  re-absorbed, 
larger  ones  may  heal  after  evacuation  of  the  pus  either  externally 
or  into  the  intestine,  the  pleural  cavities,  the  lungs,  etc.  At  the 
place  where  a  collection  of  pus  meets  the  living  tissue,  the  inflam- 
matory process  gives  rise  to  the  formation  of  granulations,  and 
afterwards  of  connective  tissue :  when  recovery  takes  place,  a 
cicatrix  or  induration  remains  within  the  muscle,  and  in  the 
course  of  time  becomes  smaller  through  contraction.  Probably 
such  cicatrices  are,  at  a  later  stage,  partially  replaced  by  muscular 
tissue. 

Should  the  inflammatory  process  be  long  kept  up  in  a  muscle 
by  some  persistent  cause  of  irritation,  due,  for  example,  to  the 
proximity  of  an  inflammatory  lesion,  a  cutaneous  ulcer,  an  inflam- 
mation of  the  bone,  a  foreign  body,  or  a  hydatid' — ^or  if  the 
inflammatory  process  be  recurrent,  as  in  those  inflammations  that 
lead  to  elephantiasis  of  the  skin  and  subcutaneous  tissue  —  hyper- 
plasia of  the  connective  tissue,  similar  to  that  which  occurs  in  the 
healing  of  suppurative  lesions,  is  apt  to  be  induced.    ■ 

In  situations  where  the  muscle  is  completely  destroyed,  its 
place  is  afterwards  occupied  by  dense  connective  tissue  only.  If 
the  muscular  fibres  are  partially  preserved,  the  hyperplastic  tissue 
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gradually  encroaches  along  the  planes  of  the  perimysium;  and 
thus  the  muscle  is  at  length  more  or  less  completely  pervaded  by 
dense  white  bands  and  septa  of  connective  tissue,  in  which  the 
muscle-fibres  are  as  it  were  embedded. 
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Strumpell:  Primary  acute  polymyositis  Z.f.  Nervenheilk.  1 1891 
Treves  :  Acute  myositis  B.  M.  J.  ii  1886 
Unverrioht  :  Polymyositis  acuta  progressiva  Z.  f.  klin.  Med.  xii  1887 ;  Der- 

matomyositis  acuta  D.  med.  Woch.  1891 
ViRCHOw:   V.  A.  i;  Cellularpathologie  Berlin.  1871 
Wagner  :  Acute  polymyositis  D.  A.f.  klin.  Med.  xl  1886 
Waldeyer  :  Changes  in  muscle  iu  inflammation  and  in  typhoid  V.A.Si  1865 
Walther  :  Acute  purulent  myositis  (idiopathic)  D.  Z.f.  Chir.  xxv  1886 

83.  Tuberculosis  of  the  muscles  is  usually  secondary  to 
tuberculous  disease  of  neighbouring  organs  ;  but  primary  haema- 
togenous  tuberculosis  is  also  occasionally  met  with. 

As  regards  the  first  form,  it  is  generally  tuberculous  disease 
of  the  bones  and  joints  that  causes  the  affection  in  the  muscles, 
inducing  in  them  inflammatory  processes  which  lead  to  indurative 
thickening  of  their  connective  tissue,  the  formation  of  cheesy  nodes 
and  cold  abscesses  enclosed  by  a  granulating  membrane  contain- 
ing tubercles,  and  the  formation  of  sinuses  with  indurated  walls 
covered  with  granulations.  At  the  hip-joint  the  surrounding 
muscles  may  in  great  part  become  altered  in  this  manner ;  and  in 
tuberculous  caries  of  the  lumbar  vertebrae  cold  abscesses  are  often 
formed  which  extend  along  the  ilio-psoas  muscle  to  Poupart's  liga- 
ment, and  thence  burrow  to  the  surface  between  the  muscles  of 
the  thigh.  Occasionally  the  pus  descends  along  the  surface  of 
the  psoas  only,  the  muscular  connective  tissue  becoming  somewhat 
hyperplastic  and  the  substance  of  the  muscle  slightly  discoloured. 
In  other  cases  tubercles  are  formed  and  suppurative  disintegra- 
tion ensues  in  the  muscular  tissue  itself,  which  becomes  riddled 
with  pus-secreting  cavities  and  at  length  is  more  or  less  completely 
destroyed.      Similarly  in  tuberculosis  of  the  cervical  and  thoracic 
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vertebrae,  the  connective  tissue  in  and  between  the  adjacent 
muscles  is  often  the  seat  of  indurative,  caseous,  and  necrotic 
tuberculous  inflammation. 

In  like  manner  tuberculous  disease  of  a  mucous  membrane, 
such  as  that  of  the  tongue  or  the  vocal  cords,  or  tuberculosis  of 
the  skin  (as  in  lupus),  is  liable  to  invade  the  muscles.  In  both 
cases  tubercles,  isolated  and  in  groups,  make  their  appearance  in 
the  muscular  connective  tissue :  these  afterwards  caseate  and  break 
down,  while  new  foci  are  formed  in  the  surrounding  portions,  and 
the  intermuscular  connective  tissue  becomes  hyperplastic. 

The  available  researches  on  haematogenous  tuberculosis  of  the 
muscles  are  as  yet  few  and  incomplete,  so  that  we  cannot  say  what 
share  the  muscles  take  even  in  general  miliary  tuberculosis.  Un- 
doubtedly when  tubercle-bacilli  are  disseminated  by  way  of  the 
blood,  tubercles  sometimes  develope  in  the  muscular  connective 
tissue,  and  single  or  multiple  nodules  are  thus  formed,  which  later 
on  become  foci  of  cheesy  disintegration  with  indurated  walls,  or 
give  rise  to  cold  abscesses,  enclosed  by  granulating  walls  contain- 
ing tubercles.  Soft  tumour-like  growths,  resembling  sarcomata, 
and  partly  caseous,  are  also  occasionally  formed.  All  of  these 
forms  are  somewhat  rare  ;  their  frequency  has,  however,  probably 
been  under-rated  hitherto.  They  occur  in  all  or  any  of  the  mus- 
cles, and  sometimes  attain  considerable  dimensions. 

Syphilitic  affections  of  the  muscles  lead  either  to  indurative 
thickening  of  the  muscular  connective  tissue,  with  atrophy  of  the 
muscle-fibres  (syphilitic  fibroid  myositis),  or  to  the  formation  of 
caseous  gummata  embedded  in  cicatricial  tissue.  These  last  occur 
most  frequently  in  the  muscles  of  the  upper  extremities,  in  those 
of  the  neck,  throat,  and  back,  and  in  the  tongue  and  the  external 
sphincter  of  the  anus  (Neumann).  In  some  instances  they  form 
nodes  of  considerable  size. 

In  glanders  large  and  small  abscesses  are  formed  in  and 
between  the  muscles.  In  actinomycosis  affecting  the  muscles 
soft  fatty  granulations,  masses  of  indurated  connective  tissue,  and 
abscesses  are  produced. 

References  on  Tuberculosis  and  Syphilis  of  Muscle. 
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Neisser  :  Ziemssen's  Cyclop,  xiv  New  York  1874-80 

Neumann  :  Myositis  syphilitica  Vierteljahresschr.  f.  Derm,  xv  1888 

Osterm'ayer:  Syphilitic  myositis  A.f.  Derm.  1892 

ViRCHOW  :  Die  krankhaften  Geschwiilste 

84.  Bony  formations  in  the  shape  of  splinters,  plates,  and 
spicules  sometimes  develops,  under  pathological  conditions,  in  the 
perimysium  of  the  muscular  bundles,  in  the  fasciae,  ligaments, 
and  tendons,  and  in  the  intermuscular  connective  tissue. 

One  variety  arises  in  an  isolated  way  and  developes  either  with- 
out any  perceptible  external  cause  and  without  inducing  any  signs 
of  irritation,  or  after  a  single  or  recurrent  traumatic  injury;  it 
sometimes  appears  also  as  an  outcome  of  chronic  inflammation  of 
the  affected  part. 

The  traumatic  forms  are  most  frequently  met  with  in  the  del- 
toid and  pectoral  muscles  and  in  the  adductors  of  the  thigh,  where 
their  production  is  demonstrably  connected  with  the  slight  but 
repeated  injuries  inflicted,  in  the  former  case  by  the  impact  of  a 
heavy  rifle  against  the  shoulder,  in  the  latter  by  the  pressure 
of  the  saddle.  They  are  accordingly  described  as  'drill'  and 
'rider's'  bones.  Such  bones  are  much  more  rarely  found  in  other 
muscles ;  but  they  have  been  described  as  occurring  in  the  arm- 
muscles  of  gymnasts. 

In  a  second  variety  the  production  of  bone  in  the  muscles  is  the 
essential  symptom  of  a  peculiar  disease  of  young  persons,  which 
is  commonly  described  as  progressive  ossifying  myositis. 

This  affection  is  characterised  by  the  appearance  of  doughy 
and  often  painful  swellings  in  the  muscles,  fasciae,  tendons,  and 
periosteum,  followed  by  local  ossification  as  soon  as  the  swelling 
subsides.  These  swellings  are  sometimes  traceable  to  slight  in- 
juries, but  occasionally  no  external  cause  can  be  discovered. 

The  disease  usually  begins  in  the  muscles  and  fasciae  of  the 
neck,  back,  and  thorax,  and  thence  extends  to  all  parts  of  the 
body.  As  the  process  goes  on  for  years,  with  occasional  periods 
of  arrest,  large  portions  of  these  tissues  may  become  the  seat  of 
bone-formation.  Flakes,  scales,  and  knobbed  and  branching  frag- 
ments of  osseous  tissue  appear  in  the  muscles,  fasciae,  and  tendons 
in  ever-increasing  numbers.  The  contraction  of  the  muscles,  and 
the  movements  of  the  limbs,  of  the  vertebral  column,  of  the  head, 
and  of  the  lower  jaw,  are  more  and  more  interfered  with;  and 
thus  when  at  length  bony  ankylosis  of  the  joints  ensues,  move- 
ment is  no  longer  possible,  and  the  body  becomes  like  a  rigid 
statue. 

The  way  in  which  the  bony  growths  are  distributed  through  the 
tissues  varies  in  different  cases.  Sometimes  the  perimysium  of 
the  muscular  bundles  and  fibres  is  the  tissue  chiefly  affected ;  in 
other  cases  it  is  rather  the  tendons  and  fasciae  that  undergo  ossi- 
fication.    Frequently  most  of  the  bony  growths  are  from  the  first 
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seated  directly  upon  the  bone,  and  so  form  exostoses ;  occasionally 
also  parts  of  the  bones  themselves  are  overgrown.  It  is  therefore 
difficult  to  draw  a  sharp  line  of  distinction  between  such  cases  and 
cases  of  multiple  exostosis  without  ossification  in  the  muscles. 

•  The  formation  of  new  bone  (Fig.  172)  always  takes  place  in 
the  connective  tissue  and  in  a  manner  corresponding  precisely  to 
that  exemplified  in  periosteal  ossification.  Thus  bone  may  be 
formed  either  from  proliferous  germinal  tissue  (^)  or  from  con- 
nective tissue  (a),  and  that  either  directly  or  indirectly  (5  5j  c  d) 
through  an  intermediate-  cartilaginous  stage. 


Fig.  172.    Ossification  in  a  '  drill  '  bone. 

(Preparation  hardened  in  MuUer's  fluid,  decalcified  with  picric  acid,  stained  with 
haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  x  100) 


a    external  fibrous  covering  of.  the  bone 
6  5i    small-celled  cartilage  stained  red 
c    large-celled  cartilage  stained  bluish-red 
d    osseous    trabeculae    formed    from   re- 
sidual cartilage 
e    fully-developed  osseous  trabeculae 


/    layer  of  osteoblasts 

g    osseous    trabeculae    developing   from 

groups  of  osteoblasts 
h    marrow-tissue 
i     blood-vessels 


Throughout  the  whole  process  the  muscle-fibres  remain  passive. 
As  they  are  encroached  on  and  compressed  by  the  bone  growing 
in  their  perimysium,  and  are  rendered  functionally  useless  by  the 
gradual  fixation  of  the  limbs  and  joints,  they  in  the  end  undergo 
degeneration  and  atrophy. 

In  the  isolated  as  well  as  in  the  multiple  and  progressive 
variety  the  morbid  ossification  is  most  probably  due  to  some  pecul- 
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iarity  of  constitution  in  the  fibrous  tissues  of  the  muscles,  fasciae, 
ligaments,  and  tendons.  These  tissues  appear  to  be  endowed  ah 
origine  with  certain  qualities  that  normally  are  possessed  only  by 
the  periosteum.  Periosteal  tissue  has,  so  to  speak,  strayed  into 
the  texture  of  the  tendons,  fasciae,  ligaments,  and  muscles,  or  no 
sharp  delimitation  of  territory  has  been  effected  between  the  tissues 
that  meet  about  the  bone.  In  certain  cases  coexisting  malforma- 
tions of  the  limbs  (such  as  microdactylia)  have  been  described. 

References  on  Ossifying  Myositis. 

Berthikr  :  Muscular  osteoma  A.  de  med.  exp.  vi  1894 

Billroth  :  Langenbeck's  Arch,  x;  Rider's  bone  Deutsche  Klinik  vii  1855 

Cahen  :  Myositis  ossificans  D.  Z.f.  Chir.  31  1890 

Geeber  :  Myositis  ossificans  progressiva  Inaug.  Diss.  WUrzburg  1875 
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85.  Primary  tumours  of  the  muscles  themselves  are  some- 
what rare,  the  intermuscular  and  fascial  connective  tissues  being 
much  more  frequently  the  structures  in  which  deep-lying  neo- 
plasms of  the  limbs  and  trunk  are  developed. 

Fibromata,  lipomata,  angiomata,  myxomata,  and  chondromata 
are  all  rare.  Rhabdomyomata  have  been  observed  only  in  a  few 
cases  (Billroth,  von  Buhl). 

Sarcomata,  fibro-sarcomata,  myxo-sarcomata,  and  myxo-lipo- 
sarcomata  are  the  most  frequent  neoplasms  of  muscle  ;  they  form 
tumours  of  various  sizes,  within  which  the  muscle-fibres  perish. 
The  growth  developes  from  the  connective  tissue. 

Carcinomata  occur  only  as  secondary  growths,  generally  in 
cases  where  carcinoma  of  the  breast,  the  lips,  the  skin,  or  the 
stomach  invades  the  neighbouring  muscles,  or  is  diffused  by  the 
lymphatics :  more  rarely  the  growth  is  disseminated  by  the  trans- 
port of  cancer-germs  through  the  blood-vessels.  The  cancerous 
growth  takes  the  form  either  of  a  diffuse  infiltration  of  the  mus- 
cular tissue  or  of  more  or  less  numerous  nodules,  often  arranged 
in  rows  corresponding  to  the  general  direction  of  the  muscular 
bundles.  The  muscle-fibres  are  destroyed  as  the  cancer  grows. 
Not  infrequently  the  cancer-cells  force  their  way  into  the  sar- 
colemma-sheaths,  and  produce  in  the  contractile  substance  pits 
and  excavations  resembling  Howship's  lacunae. 

The  animal  parasites  of  muscle  include  Trichina,  Oystieercus 
cellulosae  (measle),  and  Uohinococcus  (hydatids). 
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CHAPTER  XXVII 

THE  TENDONS,   SHEATHS,   AND  BURSAE 

86.  The  tendons  proceeding  from  the  muscles  consist  of 
bundles  or  fascicles  of  dense  non-vascular  connective  tissue, 
bound  together  by  loose  vascular  interfascicular  tissue.  Exter- 
nally, the  fascicles  are  enclosed  in  a  fibrous  sheath  connected  with 
the  interfascicular  tissue. 

The  tendon-sheaths  are  membranous  envelopes  surrounding 
the  tendons,  but  almost  completely  separated  from  them,  within 
which  they  are  therefore  free  to  move  to  and  fro.  The  space 
between  is  lubricated  by  synovial  liquid  secreted  by  the  sheath. 

The  non-vascular  tissue  of  the  tendinous  fascicles  is  not  liable 
to  primary  changes,  but  the  tendon  is  often  affected  by  extension 
of  disease  from  adjacent  parts,  and  the  tendon-sheaths  are  subject 
to  various  diseases  peculiar  to  themselves.  Wounds,  bruises, 
strains,  and  excessive  exercise  of  the  tendons  and  their  sheaths,  as 
well  as  inflammations  in  the  neighbouring  parts,  often  lead  to  the 
inflammatory  affections  known  as  tendinitis  and  tendo-vaginitis 
(teno-synovitis) . 

Haematogenous  inflammation  of  the  tendons  and  sheaths  is 
also  possible  when  matters  capable  of  exciting  inflammation  are 
conveyed  to  them  by  the  blood,  such  as  pyogenic  micrococci, 
gonococci,  and  pneumococci. 

In  acute  dry  tendo-vaginitis  deposits  of  fibrin  are  formed 
upon  the  inner  surface  of  the  sheaths,  so  that  when  the  hand  is 
placed  upon  them  a  rubbing  or  creaking  sensation  is  felt  as  the 
tendon  moves  to  and  fro.  The  condition  is  most  frequently 
observed  in  the  tendons  of  the  back  of  the  forearm  in  manual 
labourers. 

Acute  purulent  tendo-vaginitis  is  very  frequently  set  up 
after  injuries,  and  by  extension  of  purulent  inflammation  from  a 
contiguous  part  (as  from  a  whitlow  or  'felon').  It  is  indicated 
by  the  accumulation  of  pus  in  the  space  between  sheath  and  ten- 
don, and  by  cellular  infiltration  of  the  loose  interfascicular  tissue. 
The  tendon  itself  becomes  cloudy  and  swollen :  not  infrequently 
the  interfascicular  tissue  suppurates,  the  fibres  of  the  tendon  are 
loosened,  and  the  fascicles  fall  apart  and  become  necrotic.  If  the 
inflammation  recovers  without  necrosis,  adhesions  are  commonly 


AKT.  86] 


TENDON-SHEATHS 


315 


formed  between  sheath  and  tendon ;  but  complete  restoration  of 
the  normal  relations  is  not  impossible. 

In  cases  of  gout,  urates  are  sometimes  deposited  in  the  tissue  of 
the  tendons,  and  induce  necrosis  or  inflammation  accompanied  by 
the  formation  of  new 
fibrous  tissue.  The  tissue 
surrounding  and  between 
the  fascicles  undergoes 
active  proliferation,  and 
the  fascicles  are  forced 
asunder  by  the  growing 
cellular  tissue ;  the  parts 
encrusted  with  crystal- 
line deposits  are  at  the 
same  time  surrounded  by 
germinal  tissue  with  or 
without  giant-cells.  The 
process  might  according- 
ly be  described  as  prolif- 
erous gouty  tendinitis 
and  tendo- vaginitis. 

Tuberculous  tendo- 
vaginitis is  met  with 
as  a  primary  affection, 
and  also  as  a  secondary 
result  of  tuberculosis  in 
contiguous  bones  or 
joints.  The  tubercles 
develope  mainly  in  the 
walls  of  the  tendon- 
sheaths,  and  their  forma- 
tion is  often  accompanied 
by  effusion  or  exudation. 
In  the  more  advanced 
stages  of  the  disease 
fungous  pus  -  secreting 
granulations  are  formed 
and  cover  over  the  sur- 
face of  the  tendons.  At 
the  same  time  the  walls 
of  the  sheaths  become 
thickened  by  fibrous  hy- 
perplasia, and  by  the 
deposition  of  tubercles 
singly  arid  in  groups. 

Chronic  irritation  causes  an  increased  quantity  of  liquid  to  be 
secreted  by  the  sheath  of  a  tendon,  and  it  is  thereupon  distended 
into  a  kind  of  cyst ;  this  is  described  as  a  hygroma  of  the  tendon- 


FiG.  173.  '  Hour-glass  '  hygroma  of  the  sheath 

or  THE  DIGITAI,  FLEXOR    TENDONS. 

(Preparation  from  the  Museum  of  Clinical  Surgery 
at  Tubingen :  reduced  to  one-half  the  natural  size) 


a  aj 
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tendons  of  the  flexor  sublimis  digitorum 
hygroma  of  their  sheaths 
tendons  of  the  flexor  longus  polUcis 
hygroma  of  their  sheaths 


316  TENDONS,   SHEATHS,   AND   BUESAE      [CHAP.  XXVH 

sheath,  or  hydrops  tendo-vaginalis.  It  is  commonest  in  the 
tendons  of  the  hand  (B^ig.  173  ftJ^  dd{),  and  especially  in  the 
sheaths  of  the  flexor  tendons  of  the  palm.  As  the  sheaths  pass 
under  the  anterior  annular  ligament,  the  swelling  is  constricted 
in  the  middle,  and  takes  the  shape  of  an  hour-glass  or  double  sac. 
In  some  cases  the  sheaths  of  the  digital  portions  of  the  flexor 
tendons  degenerate,  in  others  the  sheaths  of  the  back  of  the  hand, 
and  more  rarely  the  sheaths  of  the  tendons  of  other  muscles. 
Hygromata  of  the  tendon-sheaths  are  generally  symptomatic  of 
tuberculous  disease,  and  often  contain  so-called  rice-bodies  (cor- 
puscula  oryzoidea).  These  are  small  loose  bodies  like  grains  of 
rice  or  melon-seeds,  and  are  derived  either  from  exfoliated  necrotic 
fragments  of  the  proliferous  sheaths  (Fig.  175),  or  from  fibrinous 
coagula.  They  are  composed  mainly  of  homogeneous  matter  or 
of  flaky  scales ;  sometimes  they  are  made  up  of  stratified  layers 
enclosing  a  few  cells. 

Divided  tendons,  if  they  do  not  suppurate,  are  re-united  by 
connective  tissue ;  this  does  not  exactly  correspond  in  structure 
with  the  original  tendon,  but  is  more  like  cicatricial  tissue,  with 
a  greyish-white  and  somewhat  duller  appearance.  Repair  is 
effected  by  proliferation  of  the  tendon-cells  and  of  the  surrounding 
fibrous  tissue. 

Arborescent  lipoma  is  a  very  rare  affection  of  the  sheaths  of 
the  tendons ;  it  consists  of  branching  papillomatous  outgrowths, 
containing  fat  and  growing  from  the  synovial  lining. 


According  to  Hirschsprung  (Jahrb.  f.  Kinderheilk.  xvi  1881),  Troisier 
(Progrh  med.  1883-84  and  Union  med.  1884),  Rehn  (IV  Congr.  f.  inn.  Med. 
Wiesbaden  1886,  and  Gerhardt's  Handb.  der  Kinderkrankh.  iii),  Barlow  and 
Warner  (  Trans.  Intemat.  Med.  Congr.  London  iv  1881),  and  Prior  (Munch- 
ener  med.  Woch.  1887),  nodules  from  the  size  of  a  pin's  head  to  that  of  a  beau 
are  apt  to  develope  in  the  course  of  articular  rheumatism  (nodular  rheumatism) 
within  the  circumarticular  ligaments  and  tendons,  on  the  periosteum,  and  on 
the  subcutaneous  aponeuroses.  These  rheumatic  nodules  persist  but  a  short 
time,  and  are  composed  of  germinal  flbro-cellular  tissue.  They  commonly  dis- 
appear within  two  months  at  most. 

References  on  the  Morbid  Anatomy  of  Tendons  and  Sheaths. 

Adams  :  On  the  reparative  process  in  human  tendons  after  subcutaneous  division 

London  1860 ;   Trans.  Path.  Soc.  xxi  London  1871 
Beltzow  :   Development  and  repair  of  tendons  A .  f.  mikrosk.  Anat.  xxii  1883 
Beger  :  Tuberculosis  D.  Z.  f.  Chir.  xxi  1884 
Berkart  :  Pathology  of  the  gouty  paroxysm  B.  M.  J.  1 1895 
Billroth  :  Regeneration  of  tendons  Beitrage  z.  path.  Histol.  Berlin  1858 
Boner  :  Regeneration  of  tendons  V.  A.7  1853 
BussB :  Repair  of  tendons  D.  Z.f.  Chir.  xxxiii  1892 
Cazanow  :  White  tumours  of  the  synovial  sheaths  These  Paris  1866 
DoMBOWSKi :  Repair  after  tenotomy  Inaug.  Diss.  Konigsberg  1869 
Ginsburg:  Inflammation  and  regeneration  of  tendons  V.  A.  88  1882 
Haeckel  :  Lipoma  arborescens  Cent,  ft  Chir.  1888 
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Jacoby  and  Goldmann  :  Tendovaginitis  suppurativa  gonorrhoica  Beitrage  von 

Bruns  xil  1894 
PiROGOFF  :   Ueber  die  Durchschneid.  der  Achillessehne  Dorpat  1840 
ScHDCHARDT :  Tuberculosis  and  syphilis  of  tendon-sheaths  V.  A.  135  1894 
Veuneitil  :  Tuberculosis  Gaz.  des  hop.  1860 
ViEKiNG:  Regeneration  of  tendinous  tissue  V.  A.  125  1891 

References  on  Hygroma  of  the  Sheaths  and  Bursae. 

GrABRk :  Primary  tenosynovitis  Beitrage  von  Bruns  vri  1891 

Goldmann  :  Rice-like  bodies  of  the  sheaths  and  bursae  Ziegler's  Beitrage  vii 

1890 
HoEFTMAN :  Ganglion  aiid  chronic  fungous  tenosynovitis  (proliferous  hygroma) 

Inaug.  Diss.  Konigsberg  1876 
Landow  :  Fibrin  and  its  transformations  in  hygroma  of  the  sheaths  Langen- 

beck's  Arch,  xlvii  1895 
Neumann,  E.  :  Picrooarmine-staining  in  the  study  of  inflammation  A.  f.  mikr. 

Anat.  XVIII 1880 
NiCAiSE,  PouLET,  and  Vaillard  :    Tuberculous   nature  of  hygromata  and 

tenosynovitis  with  rice-like  bodies  Rev.  de  chir.  188S 
Schuchardt:  Rice-like  bodies  in  sheaths  and  joints  V.  A.  114  1888 
Weichel  :  Ganglion  crepitans  Acrelii  Inaug.  Diss.  Giessen  1858 

87.  The  bursae  are  saccular  cavities  containing  clear  synovia 
and  enclosed  by  a  fibrous  membrane  with  a  smooth  inner  surface, 
and  situated  in  the  connective  tissue.  They  are  formed  in  places 
where  the  muscles  or  tendons  move  over  bony  parts,  or  where 
skin,  fasciae,  and  muscles  are  continually  exposed  to  pressure  and 
slipping  movement.  They  are  thus  to  some  extent  acquired 
structures ;  and  accordingly  some  of  them  are  inconstant,  while 
others  develope,  in  special  circumstances,  in  parts  that  ordinarily 
do  not  possess  them. 

In  acute  inflammation  of  the  bursae,  variously  termed  acute 
bursitis  or  acute  hygroma,  a  serous,  sero-fibrinous,  or  purulent 
effusion  is  poured  out  and  distends  the  sac,  and  thus  a  fluctuating 
tumour  is  formed.  The  inflammation  usually  arises  from  contu- 
sions, wounds,  or  bruises,  more  rarely  from  haematogenous  infec- 
tion. Purulent  inflammation  sometimes  extends  from  the  bursa 
to  contiguous  parts. 

Chronic  bursitis  most  frequently  takes  the  form  of  a  collection 
of  liquid  in  the  bursal  sac  (hydrops  bursarum  or  hygroma).  At 
first  the  contents  of  the  sac  are  usually  mucilaginous  and  viscid; 
later  on  they  become  thinner  and  more  limpid,  losing  their  muci- 
laginous character.  Few  hygromata  exceed  the  size  of  a  middle- 
sized  apple,  though  much  larger  cysts  have  more  than  once  been 
observed. 

The  commonest  seat  of  hygroma  is  in  front  of  the  patella 
('housemaid's  knee');  here  it  is  due  to  cystic  degeneration  of 
the  prepatellar  bursa,  a  sac  consisting  of  three  intercommunicating 
pouches. 

The  wall  of  the  hygroma  is  usually  thin ;  but  if  the  condition 
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is  of  long  standing  it  may  be  considerably  thickened  (Fig.  174), 
and  may  afterwards  acquire  a  dense  scar-like  consistence,  with 
here  and  there  patches  of  calcification.  Deposits  of  urates  have 
been  observed  in  the  bursae  in  cases  of  gout.     At  times  the  wall 

is  notably  thickened  from  the  out- 
set, and  then  the  amount  of  liquid 
present  in  the  sac  is  small. 

Bui'sal  hygromata  occasionally 
contain  rice-like  bodies  (Fig.  174), 
resembling  those  found  in  the  hy- 
gromata of  the  sheaths  of  tendons. 
They  consist  of  flaky  (more  rarely 
stratified)  homogeneous  masses 
(Fig.  175  c  6),  and  sometimes  en- 
close spindle  -  cells.  They  arise 
either  by  the  exfoliation  of  circum- 
scribed hyaline  necrotic  patches 
from  the  wall  of  the  hygroma,  or 
from  fibrin  deposited  from  the  ex- 
udation in  the  form  of  free  lenticular  grains,  which  become  adher- 
ent to  and  gradually  coalesce  with  the  cyst-wall.  They  are 
usually  indicative  of  tuberculous  disease.  Occasionally  the  cyst- 
wall  produces  villous  outgrowths  in  the  form  of  small  peduncu- 
lated fibrous  grains  ;  these  become  necrotic  and  fall  away  from 
their  filamentous  peduncles,  and  may  thus  give  rise  to  the  loose 
rice-like  bodies  in  question.  When  the  finger  is  pressed  upon 
one  of  these  hygromata  filled  with  loose  bodies,  a  peculiar  feeling 
of  crepitation  is  perceived :  such  a  cyst  is  accordingly  described 
as  a  crepitant  ganglion. 

In  rare  cases  nodules  of  fibrous  tissue  or  of  proliferous  cartilage 
are  developed  in  the  walls  of  hygromata,  and  lead  to  the  formation 
of  loose  bodies  varying  in  size  from  that  of  a  pea  to  that  of  a 
chestnut. 


Fig.  174.  Section  through  a  di- 
lated PREPATELLAR  BURSA  WITH 
FREE  AND  FIXED  RICE-LIKE  BODIES. 

(Natural  size) 


Fig.  175.    Sessile  rice-like  bodies  prom  a  prepatellar  bursa. 
{Section  from  the  specimen  of  Fig.  174 :  preparation  hardened  in  Mailer's  fluid,  stained 

with  haematoxylin  and  eosin,  and  mounted  in  Canada  balsam :  X  45) 
a    wall  of  the  bursa  c    rice-like  body  resting  on  the  surface 

6    hyaline  mass  in  the  wall  of  the  bursa,  and  containing  scattered  cells 

part  containing  nuclei  and  part  being      d    deposit  of  fibrin 
denucleated 
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Haemorrhages  may  occur  both  in  previously  normal  bursae 
and  in  hygromata,  as  a  result  of  injury  or  of  some  disturbance  of 
the  circulation.  Such  haemorrhages  are  accompanied  by  more 
or  less  copious  precipitation  of  fibrin,  and  give  rise  to  bursal 
haematomata. 

Tuberculous  inflamination  of  the  bursae  may  be  either  a 
primary  or  a  secondary  affection.  The  development  of  tubercles 
in  the  wall  of  the  sac  is  sometimes  associated  with  serous  effusion, 
producing  tuberculous  hygroma.  Fungous  granulations  appear 
upon  the  inner  wall  of  the  sac  in  the  more  advanced  stages  of 
the  process,  the  wall  thereby  becom- 
ing thickened  and  permeated  by 
granulomatous  growths  that  after- 
wards undergo  caseous  degenera- 
tion. 

A  ganglion  is  a  round,  oval,  or 
lobate  cyst,  varying  in  size  from 
that  of  a  pea  to  that  of  a  pigeon's 
egg,  and  containing  a  reddish-yellow 
crystalline  jelly,  or  a  mass  of  colloid 
matter.  According  to  the  investi- 
gations of  Leddbkhose,  the  ganglion 
is  really  a  new-formation,  usually 
appearing  in  the  tissue  immediately  adjacent  to  a  joint,  more  rarely 
at  some  little  distance  from  it,  and  due  to  gelatinous  or  colloid 
degeneration  of  the  connective  tissue  and  to  the  coalescence  of 
numerous  smaller  cavities  filled  with  the  gelatinous  matter  so  pro- 
duced. On  the  dorsal  aspect  of  the  intercarpal  joints  the  ganglion 
usually  lies  either  above  the  space  between  the  trapezoid  and  the 
OS  magnum,  or  over  that  between  the  scaphoid  and  the  semilunar 
bone.  The  formation  is  probably  induced  by  the  chronic  recur- 
rence of  slight  mechanical  injuries.  It  sometimes  disappears  spon- 
taneously by  the  absorption  of  its  contents. 


Fig.  176.  Wall  of  thk  thickened 
buksa  of  the  olecranon  with 
nodular  fibrous  growths. 

(Seen  from  the  inner  surface :  natu- 
ral size) 
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CHAPTER   XXVIII 

THE  SPINAL  CORD  AND  ITS  MALFORMATIONS 

88.  The  spinal  cord  has  the  form  of  a  somewhat  flattened 
cylinder,  and  is  composed  of  white  and  grey  matter.  The  white 
matter  invests  the  exterior,  while  the  grey  matter  lies  in  the  in- 
terior and  extends  uninterruptedly  throughout  the  entire  length 
of  the  cord. 

The  grey  matter  has  in  transverse  sections  the  form  of  an  H 
(Fig.  178),  with  two  anterior  Qc.a.')  and  two  posterior  (c.^.) 
horns,  and  a  middle  connecting  portion,  the  grey  commissure. 
The  grey  commissure  encloses  a  tubular  cavity  lined  with  cylin- 
drical cells,  the  central  canal  (e.c),  which  divides  the  commis- 
sure into  an  anterior  and  a  posterior  portion.  The  anterior  horns 
are  throughout  more  voluminous  than  the  posterior,  though  their 
size  and  configuration  vary  considerably  in  the  different  segments 
of  the  cord.     They  are  smallest  in  the  thoracic  region. 

In  the  lower  cervical  and  upper  thoracic  portions  of  the  cord 
the  anterior  horn  has  a  lateral  process  opposite  the  grey  commis- 
sure (c.Z.)  described  as  the  intermedio-lateral  tract,  or  lateral  horn. 
Numerous  minor  processes  radiate  from  the  margins  of  the  grey 
matter  into  the  white;  these  have  been  called  septula  meduUaria. 
On  the  outer  side  of  the  neck  of  the  posterior  horn,  behind  the 
lateral  horn,  is  a  network  of  grey  matter  interspersed  with  white, 
which  has  received  the  name  of  processus  reticularis. 

At  the  apex  of  the  posterior  horn  is  the  gelatinous  substance 
of  Rolando,  which  contains  ganglion-cells,  and  passes  anteriorly 
into  the  spongy  substance  of  the  posterior  horn. 

The  anterior  roots  of  the  spinal  nerves  take  their  exit  from 
the  apex  of  the  anterior  horns,  the  posterior  roots  enter  at  the 
apex  of  the  posterior  horns. 

The  white  matter  in  each  half  of  the  cord  consists  essentially 
of  longitudinal  meduUated  nerve-fibres  embedded  in  a  fibrous 
supporting  structure,  and  is  divided  by  the  grey  matter  into 
three  main  portions,  of  which  that  medial  to  the  anterior  root  is 
known  as  the  anterior  column,  that  medial  to  the  posterior  horn 
and  root  as  the  posterior  column,  and  that  between  the  anterior 
and  posterior  horns  as  the  lateral  column. 
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commissu- 
ral-cell 


tract-cell       > 


The  grey  matter  abounds  in  ganglion-cells  and  fine  and  coarse  nerve-fibres, 
which  are  supported  by  the  neuroglia.  Around  the  central  canal  is  a  mass  of 
tissue  known  as  the  substantia  gelatinosa  centralis,  composed  essentially  of 
neuroglia  and  containing  no  ganglion-cells. 

The  neuroglia-cells  (Deiters'  cells  or  astrocytes)  consist  of  a  small  cell- 
body  and  numerous  fine  filamentous  processes ;  most  of  these  processes  are  of 
no  great  length,  in  other  words  the  majority  of  the  stellate  neuroglia-cells  are 
of  the  short-rayed  type.    Among  the  neurogliarcells  must  also  be  reckoned  the 

cylindrical  cells  lining 
the  central  canal,  each 
of  which  terminates  in 
a  thread-like  process. 

The  ganglion-cells 
(nerve-cells   or  neuro- 

motor-oell     IV-i— S4l^'^5-^;:?30^    A  cytes)  are  mostly  uni. 

polar,  having  only  one 
axis-cylinder  or  polar 
process  (axon  or  neur- 
axon),  and  numerous 
dendritic  protoplasmic 
processes  (dendrites), 
which  anastomose  and 
interlace  into  a  close- 
meshed  felt.  Accord- 
ing to  the  function  of 
the  cells,  and  the  course 
of  their  polar  processes, 
various  kinds  of  gan- 
glion-cells are  distin- 
guished as  motor,  com- 
missural, etc.  (GoLGi, 
Ramon  y  Cajal,  Kol- 

LIKER,  LbNHOSSEK). 

The  motor-cells  lie 
in  two  groups  in  the 
interior-cell   .^^  ^    |      |  descending     cervical  and  lumbar  re- 

gions, in  one  group  in 
the  thoracic  region,  of 
the  anterior  horn. 
They  are  very  large, 
and  each  gives  origin 
to  a  nerve-fibre  that 
passes  forward  and 
obliquely  downwards, 
and  becomes  the  axis- 
cylinder  of  the  anterior 
root  of  a  motor  nerve 
SPINAL  CORD.  (Fig.  177). 

{After  STonti)  Each   of  the   oom- 

missural-cells  sends 
its  polar  process  through  the  anterior  commissure  to  the  anterior  column  of 
the  opposite  side  (Fig.  177);  here  it  divides  into  an  ascending  and  a  descend- 
mg  trunk-fibre,  each  of  which  at  different  levels  gives  off  branch-fibres  to  the 
grey  matter,  and  at  length  ends  in  branches  of  the  same  kind. 

The  tract-cells  which,  partly  scattered,  partly  in  groups,  are  situated  in 
the  central  part  of  the  anterior  horn  and  in  the  lateral  and  posterior  horns, 
send  their  axis-cylinder  processes,  after  these  have  given  off  fine  collateral 
twigs  into  the  grey  matter,  into  the  anterior,  the  lateral,  or  the  posterior  column 
(Fig.  177).    There  each  process  divides  into  ascendmg  and  a  descending  trunk- 


descending 
trunk-fibre 


Fig.  177.    Scheme  of  the  position  and  connexions  of 

THE  ganglion-cells    AND    POSTERIOR   ROOTS  OF  THE 
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fibre,  each  of  which  at  different  levels  gives  off  lateral  and  terminal  branches 
to  the  grey  matter  of  the  corresponding  side. 

The  combination-cells  of  Kamon  y  Cajal  have  axis-cylinder  processes 
that  subdivide  within  the  grey  matter  in  which  they  lie,  sending  one  branch  to 
the  anterior  column  of  the  same  side,  the  other  to  that  of  the  opposite  side. 

The  interior-cells,  which  are  found  only  in  the  posterior  horns  (Fig.  177), 
have  each  an  axis-cylinder  process  which  subdivides  into  fine  terminal  branches 
within  the  grey  matter  of  the  same  or  of  the  opposite  side  (Golgi). 

The  root-ganglion  cells  lie  in  the  ganglionic  enlargements  of  the  posterior 
roots,  and  each  has  a  polar  process  which  divides  close  to  its  origin  into  two 
fibres,  one  with  a  peripheral  and  the  other  with  a  central  course.  These  cells 
are  therefore  sometimes  regarded  as  bipolar  (Fig.  177).  The  fibre  which  enters 
the  cord  through  the  posterior  root  divides  again  into  an  ascending  and  a 
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Fig.  178. 


DiAGKAMMATIC    CROSS-SECTION  OF  THE   SPINAI.   CORD  SHOWING  THE  TRACTS 
OF  THE  WHITE   MATTER. 


c.a.     (cornu  anterius)  anterior  horn  f-gi"- 

e.l.     (cornu  laterals)  lateral  horn  f.cn. 

e.p.     {cornu  posterius)  posterior  horn 

c.c.    central  canal  in  the  grey  commissure  Ksb 

co.a.    anterior  white  commissure 

r.a.     (radix  anterior)  anterior  root  Psly 

r.p.     {radix  posterior)  posterior  root 
f.l.a.     (fisswalongitudinalis  anterior)  an-  Pvb 

terior  fissure 
s.l.p.     (septum,    longitudinale   posterius)       v.W.z. 
posterior  septum 


(funiculus  gracilis)  GoU's  column 

(funiculus  cuneatus)  Burdach's 
column 

(Kleinhimseitenbahn)  direct  cer- 
ebellar tract 

(Pyramidalseitenbahn)  crossed 
pyramidal  tract 

(Pyramidalvorderbahn)  direct 
pyramidal  tract 

( Vordere  Wurzelzone)  anterior 
radicular  zone 


descending  trunk.  Each  of  these,  after  giving  off  collateral  branches  to  the 
grey  matter  at  different  levels  of  the  cord,  ends  in  terminal  branches  within 
the  grey  matter,  and  so  effects  direct  connexion  between  the  root-ganglia  and 
the  ganglion-cells  (including  the  motor-cells)  of  the  grey  matter  of  the  cord. 

The  white  matter,  which  consists  chiefly  of  longitudinal  meduUated  nerve- 
fibres  of  various  thicknesses,  has  a  supporting  framework  composed  partly  of 
connective  tissue  accompanying  the  blood-vessels,  partly  of  neuroglia  whose 
stellate  cells  (astroblasts)  are  long-rayed,  ,having  many  long  processes  as  well 
as  short  ones  which  twine  about  the  medullary  sheaths  of  the  nerve-fibres. 
According  to  their  function  and  their  course,  various  tracts  or  systems  of  fibres 
are  distinguished  in  the  white  matter. 
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The  motor  pyramidal  tracts  have  their  origin  in  the  motor  region  of 
the  cerebral  cortex,  and  pass  through  the  internal  capsule,  the  crus,  and  the 
pons,  into  the  medulla  oblongata,  -where  most  of  the  fibres  cross  to  the  other  side 
at  the  decussation  of  the  pyramids.  The  crossed  portion  passes  downward  as 
the  crossed  pyramidal  tract  in  the  posterior  part  of  the  lateral  column,  the 
uncrossed  portion  as  the  direct  pyramidal  tract  (column  of  Turck)  in  the 
medial  part  of  the  anterior  column.  Both  tracts  are  connected  with  the  ante- 
rior horn  of  the  coiTesponding  side  (Lenhoss^k)  at  various  levels  by  means 
of  fine  collateral  and  terminal  branches  given  off  by  the  fibres,  which  terminate 


III 
IV 


Fig.  179. 


Diagram  of  thb  nuclei  op  thb  cebebrax  nerves  in  the  floor  of 

THE  fourth  ventricle. 


funiculus  gracilis 

funiculus  cuneatus 

restiform  body 

striae  acusticae 

inferior  cerebellar  peduncle 

crus  cerebelli  ad  pontem  or  middle 

cerebellar  peduncle 
crus  cerebelli  ad  corpora  quadrigem- 

ina  or  superior  cerebellar  peduncle 
corpus  quadrigeminum  posticum 
crus  cerebri 

nucleus  of  the  oculomotor  nerve 
nucleus  of  the  trochlearis  nerve 


'\ 


nucleus  of  the  motor  root  of  the  tri- 
facial (trigeminus)  nerve 
VI    nucleus  of  the  abducens  oculi  nerve 
VII    nucleus  of  the  facial  nerve 
XI   nucleus  of  the  spinal  accessory  nerve 
XII   nucleus  of  the  hypoglossal  nerve 
V2  upper  sensory  nucleus  of  the  trifacial 

nerve 
Fj  lower  sensory  nucleus  of  the  trifacial 
nerve 
F/7/1,  VIII2  nuclei  of  the  auditory  nerve 
IX    nucleus     of    the    glossopharyngeal 
nerve 
X    nucleus  of  the  vagus  nerve 


in  minute  ramifications  within  the  anterior  columns.  Often  all  the  fibres  of 
the  direct  pyramidal  tracts  end  before  they  have  got  beyond  the  cervical  and 
thoracic  segments  of  the  cord. 

The  direct  cerebellar  tracts  have  their  origin  in  groups  of  ganglion-ceUs 
that  lie  at  the  inner  side  of  the  neck  of  the  posterior  horn  (Clarke's  vesicular 
column  and  Stilling's  nucleus),  and  are  Ijest  developed  in  the  thoracic  re- 
gion.    After  they  enter  the  lateral  columns  they  give  off  collateral  branches 
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passing  downwards,  and  ascend  along  the  outer  border  (Fig.  178  Ksb)  of  the 
lateral  columns  to  the  superior  vermis  of  the  cerebellum. 

The  remaining  regions  of  the  anterior  and  lateral  columns  have  been 
named  by  Flechsig  the  anterior  ground-bundle,  the  lateral  ground-bundle, 
and  the  lateral  limiting  tract,  respectively.  The  last-named  is  situated  between 
the  crossed  pyramidal  tract  and  the  posterior  horn.  Bkchterew,  passing  from 
before  backwards  and  from  within  outwards,  describes  the  succession  of  parts 
thus  :  the  anterior  ground-bundle,  the  lateral  ground-bundle,  the  fibres  of  the 
lateral  tract,  the  antero-lateral  tract  (Gowbrs'  bundle,  anterior  to  the  direct 
cerebellar  tract),  and  the  medial  bundle  of  the  lateral  column.  These  all  have 
their  centres  in  the  grey  matter  of  the  cord,  and  passing  partly  upward,  partly 
downward,  give  off  collateral  branches  and  end  at  different  levels  in  the  grey 
matter.  Gowers'  bundle  contains  chiefly  ascending  fibres,  which  arise  from 
cells  partly  in  the  anterior  horns,  partly  in  the  central  zone  of  the  grey  matter. 
Their  terminal  ramifications  have  not  been  made  out. 

In  the  posterior  columns  we  distinguish  the  postero-external  column 
of  Burdach  or  funiculus  cuneatus  (Fig.  178  fc.  n.),  placed  externally,  and 
the  postero-internal  column  of  GoU  or  funiculus  gracilis  (f-ffr.),  placed 
medially.  They  both  chiefly  include  radicular  fibres  from  the  root-ganglia, 
which  divide  and  pass  partly  upward,  partly  downward,  and  from  point  to  point 
during  their  course  give  off  collateral  branches  to  the  grey  matter.  The  descend- 
ing branches  terminate  after  a  short  course,  the  ascending  branches  are  of  various 
lengths.  Some  of  the  longer  fibres,  passing  into  the  column  of  GoU,  give  off 
collateral  branches,  and  extend  as  far  as  the  clavate  nucleus  of  the  funiculus 
gracilis  in  the  medulla.  Others  end  in  the  nucleus  cuneatus,  others  in  the 
vesicular  column  of  Clarke,  and  others  again  in  the  grey  matter  of  the  posterior 
and  anterior  horns  of  the  same  side.  A  few  pass  through  the  posterior  gi-ey 
commissure  to  the  opposite  side. 

Besides  the  radicular  fibres,  the  posterior  columns  contain  some  few  fibres 
from  the  grey  matter.  In  the  posterior  roots  are  also  some  outgoing  fibres  pass- 
ing to  the  root-ganglia. 

The  medulla  oblongata  forms  the  meeting-place  of  spinal  cord  and  brain, 
and  here  accordingly  the  cord  undergoes  certain  changes  of  structure  and  con- 
figuration. First,  the  central  canal  is  displaced  dorsally  and  opens  out  into  the 
fourth  ventricle  (Fig.  179).  Secondly,  the  grey  matter  is  as  it  were  redis- 
tributed, white  and  grey  forming  between  them  peculiar  reticulations  and  dis- 
crete aggregations  of  ganglion-cells,  which  give  origin  to  the  cerebral  nerves 
(Fig.  179  III-X). 

Accompanying  the  dispersal  of  the  grey  matter  there  is  displacement  of  the 
conducting  tracts  of  white  matter.  The  crossed  pyramidal  tracts  at  the  decus- 
.sation  of  the  pyramids  pass  over  to  the  opposite  side  and  assume  a  ventral  posi- 
tion, while  the  short  connecting  tracts,  that  unite  different  parts  of  the  grey 
matter,  sink  deeper  into  the  interior.  The  column  of  Goll  and  the  column  of 
Burdach  pass,  as  the  funiculus  gracilis  (Fig.  179  a)  and  funiculus  cuneatus  (6), 
to  the  side  of  the  fourth  ventricle,  and  form  with  the  direct  cerebellar  tracts 
and  the  arcuate  fibres  of  Solly  the  restiform  body  (c),  and  farther  on  the 
inferior  peduncles  of  the  cerebellum  (e). 

Fresh  masses  of  grey  matter  now  make  their  appearance,  and  form  the 
substratum  of  the  olives,  the  parolivary  bodies,  the  nucleus  gracilis,  the  nucleus 
cuneatus,  and  other  like  structures.  Arcuate  fibres  also  are  seen  along  with 
the  longitudinal  fibres ;  they  lie  partly  on  the  exterior  and  partly  in  the  interior 
strata  and  are  interlaced  with  the  longitudinal  fibres. 
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References  on  the  Structure  of  the  Spinal  Cord  (see  also  Art.  106). 
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A.  d.  Heilk.  xviii,  xix 
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GowERS  :  Antero-lateral  tract  Lancet  1 1886 
His  :  Histogenesis  and  interconnexions  of  the  nerve-elements  Trans,  internal. 

med.  Congr.  ii  Berlin  1891;  A.  f.  Anat.  (supplement)  1890;  Die  Neuro- 
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Kadyi  :  Ueb.  d.  Blutgefasse  des  menschl.  JRuckenmarks  Lemberg  1889 
KoLLiKER :  The  spinal  cord  Z.  f.  wiss.  Zool.  51  1890 ;  Handb.  d.  Gewebelehre 

II 1893 
Lenhoss&k:  Der  feinere  Bau  des  Nervensystems  Berlin  1895 
LisSAUEB  :  Course  of  fibres  in  posterior  horn  A.f.  Psych.  xviil886 
Marie  :  Diseases  of  the  spinal  cord  (New  Syd.  Soc.)  London  1895 
Obersteinbr  and  Hill  :  Anatomy  of  central  nervous  system  London  1890 
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89.  The  malformations  of  the  spinal  cord  that  are  associated 
with  malformations  of  the  vertebral  canal  are  dealt  with  in  the 
volume  on  General  Pathological  Anatomy.  "When  the  vertebral 
canal  is  normally  formed,  the  spinal  cord  is  seldom  malformed  to 
any  great  extent;  frequently,  however,  it  exhibits  minor  devia- 
tions from  the  normal  condition,  some  of  which  are  associated  with 
disorders  of  its  function. 

The  external  form  of  the  spinal  cord  is  seldom  much  altered; 
but  cases  of  abnormal  slenderness  and  shortness  (micromyelia), 
of  local   defects  and  partial  duplications  (diastematomyelia),  . 
and   of   asymmetry,  are   now  and  then  met  with.     Defects  of 
single  nerve-roots  are  not  infrequent. 

The  cause  of  abnormal  slenderness  and  of  asymmetry  of  the 
cord  is  in  part  defective  development  of  particular  tracts,  in  part 
unequal  distribution  of  the  pyramidal  tracts,  the  fibres  of  one  side 
crossing  entirely,  or  nearly  so,  at  the  decussation  of  the  pyramids, 
while  most  of  the  fibres  of  the  other  tract  descend  on  the  original 
side. 

Defective  development  of  the  tracts  is  sometimes  primary 
and  sometimes  secondary;  both  forms  are  met  with  in  the  poster- 
ior columns  (Kahler,  Westphal,  Jaderholm,  Schtjltzb),  as 
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well  as  in  the  others  (Kahlee,  Pick,  Wbstphal,  Flechsig, 
FiJKSTNEK).  The  defect  may  at  a  later  period  form  the  starting- 
point  of  a  progressive  disease.  The  causes  of  primary  agenesis 
and  hypoplasia  are  for  the  most  part  beyond  our  knowledge :  the 
secondary  varieties  are  chiefly  due  to  absence  or  imperfect  develop- 
ment of  the  centres  or  terminal  organs  connected  with  the  tracts  in 
question,  or  to  separation  of  these  from  their  centres.  For  exam- 
ple, agenesis  or  destruction  of  the  motor  area  of  the  cortex  cere- 
bri causes  incomplete  development  or  even  destruction  of  the 
corresponding  pyramidal  tracts.  Sometimes  defective  develop- 
ment of  the  tracts  and  centres  occurs  in  connexion  with  other 
local  developmental  defects,  such  as  imperfect  formation  of  the 
central  canal  and  the  structures  surrounding  it. 

Abnormal  arrangement  of  the  grey  matter  and  displacement 
of  certain  parts  of  it  into  the  white  matter,  a  condition  known  as 
heterotopia,  may  occur  in  any  portion  of  the  cord,  and  result  in 
very  marked  abnormality;  the  condition  is,  however,  infrequent. 
It  should  be  noted  that  post-mortem  mechanical  injury  of  the  cord 
may  occasion  distortions  and  displacements  of  the  grey  matter 
that  look  very  like  such  heterotopic  malformations. 

Abnormality  of  the  central  canal  and  of  the  grey  commissure 
is  not  uncommon ;  it  chiefly  takes  the  form  of  morbid  enlarge- 
ment and  partial  duplication  of  the  canal,  and  of  morbid  over- 
growth of  the  neuroglia  of  the  grey  commissure  with  the  formation 
of  cysts  of  disintegration  in  the  proliferous  tissue  (compare  Hydro- 
myelia  and  Syringomyelia,  and  Multiple  Sclerosis,  Arts.  95  and  96). 
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CHAPTER   XXIX 
DEGENERATION  AND  INFLAMMATION  OF    THE    SPINAL  CORD 

90.  The  nerve-fibres  and  the  ganglion-cells  of  the  cord  are 
structures  that  are  exceedingly  sensitive  to  injurious  influences, 
and  the  nerve-fibres  in  particular  are  very  easily  destroyed.  In 
many  cases  the  causes  of  atrophy  and  degeneration  of  the  nerv- 
ous elements  of  the  cord  and  medulla  oblongata  can  be  determined 
with  certainty  from  the  course  of  the  disease  and  the  morbid 
changes  discovered ;  but  in  other,  and  these  not  infrequent  cases, 
the  cause  cannot  be  made  out.  Marasmus  or  general  wasting 
from  old  age  or  disease,  and  general  anaemia,  may  induce  simple 
atrophy  or  degenerative  changes ;  and  long-continued  disuse  or 
cessation   of  function   also   causes   considerable  wasting  in  the 


Fig.  180.    Atrophy  of  the  left  anterior  horn  from  intra-utbrinb  amputa- 
tion OF  THE  left  fore-arm. 

(From  VON  Kahlden) 
a    normal,  b    atrophic,  anterior  horn 

nerve-tracts  concerned.  For  example,  amputation  of  a  limb  gives 
rise,  after  an  interval  of  some  years,  to  perceptible  atrophy  of  the 
posterior  columns  and  sensory  roots,  of  the  anterior  horns  (Fig. 
180  J)  and  vesicular  columns  of  Clarke,  and  often  of  the  motor 
tracts  of  the  corresponding  side,  the  atrophy  being  manifested  by 
diminution  in  size  and  in  number  of  the  ganglion-cells  (5)  and 
nerve-fibres.     The  number  of  nerve-elements  thus  lost  is  usually 
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greater  in  young  persons  than  in  adults,  and  is  greatest  of  all 
when  the  peripheral  organs  have  been  destroyed  during  intra- 
uterine life. 

A  further  cause  of  degeneration  of  nervous  tissue  is  found 
in  disorders  of  the  circulation;  and  ischaemia  from  arterio- 
sclerosis, hyaline  arterial  degeneration,  thrombosis,  or  embolism, 
gives  rise,  as  does  also  haemorrhage  by  rupture  or  by  diapedesis, 
to  a  marked  local  degeneration  of  the  cord  known  as  ischaemic 
and  haemorrhagic  myelomalacia.  It  is  very  probable  that 
there  are  many  poisonous  substances  which  are  capable  of 
inducing  not  only  functional  disturbance  but  also  degenerative 
changes  in  the  central  nervous  sys- 
tem, and  particularly  in  the  spinal 
cord.  At  any  rate,  in  many  diseases, 
such  as  chronic  tuberculosis,  diabetes, 
and  syphilis,  degeneration  of  the  cord 
is  a  not  uncommon  symptom,  and  is 
hardly  otherwise  to  be  explained  than 
on  the  assumption  that  not  only  the 
general  anaemia,  but  also  the  presence 
of  special  noxious  substances  in  the 
blood,  have  a  degenerative  effect  on 
the  nerve-fibres.  Moreover,  it  has 
been  demonstrated  by  Tuczek  that 
chronic  ergotin-poisoning  induces  in 
man  a  typical  degeneration  of  the 
posterior  columns.  This  shows  that 
poisons  do  exist  outside  the  body, 
which,  when  ingested,  exert  a  degen- 
erative action  on  the  central  nervous 
system.  A  like  action  on  the  ganglion- 
cells,  and  especially  on  the  motor-cells, 
is  ascribed  by  many  authorities  to 
arsenic,  lead,  and  mercury. 

Among  the  most  common  causes 
of  degeneration  of  the  cord  are  trau- 
matic injuries  and  gradual  compres- 
sion. The  former  result  chiefly  from 
fracture  and  dislocation  of  the  spinal  column,  with  consequent 
protusion  of  bone  into  the  vertebral  canal  (Fig.  181),  or  displace- 
ment of  the  vertebral  bodies  and  arches  (Fig.  90),  whereby  the 
cord  is  nipped  and  lacerated.  Mere  contusion  or  severe  concussion 
of  the  spine  may  also  give  rise  to  textural  change  and  degenera- 
tion of  the  cord,  and  of  course  cuts,  stabs,  and  gunshot  wounds 
are  capable  of  destroying  its  structure. 

From  the  researches  of  Lbyden  and  Nikiporofp  it  appears 
that  the  rapid  variations  of  atmospheric  pressure  to  which 
divers  and  caisson  workers  are  subject,  when  they  come  up  from  a 


Fig.  181.    Contraction   or   the 

VERTEBRAL  CANAL  BY  CRUSH- 
ING AND  PROTRUSION  OF  THE 
SIXTH  THORACIC  VERTEBRA. 
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great  depth  to  the  surface,,  are  apt  to  cause  destruction  of  the 
substance  of  the  cord,  with  laceration  of  the  nerve-fibres.  The 
cause  is  probably  the  rapid  liberation  into  the  tissues  of  bubbles 
of  nitrogen  absorbed  by  the  blood   under  the  high  pressure  to 

which  it  is  exposed.  .        i  , 

Compression  of  the  cord  is  most  frequently  occasioned  by 
tuberculous  proliferation  in  the  epidural  space,  by  tumours  (Fig. 
182),  and  by  displacement  of  the  vertebrae  or  collapse  of  theii 
bodies  from  caries.  The  compression  ensues  sometimes  very 
gradually,  sometimes  rapidly  ;  indeed,  between  compression  and 
crushing  no  sharp  line  of  distinction  can  be  drawn.  When  the 
compression  increases  but  slowly,  the  degeneration  is  chiefly  due 
to  interference  with  the  circulation  of  the  blood  and  lymph. 


Fig.  182.    Compression  of  the  lumbar  cord  by  cavernous  tissue  with  dilated 

VEINS   formed   on   THE  DORSAL   SURFACE   OF  THE   PIA   MATER. 

(Preparation  hardened  in  MUller's  fluid  and  alcohol,  embedded  and  cut  in  celloidin, 
stained  with  haematozylin  and  carmine,  and  mounted  in  Canada  balsam :  x  4) 
a    dura  mater  d  di    transverse  section  through  the  an- 

6    compressed  cord  terior  roots 


c     venous  spaces 


e  ei 


transverse  section  through  the  pos- 
terior roots 


Inflammations  of  the  substance  of  the  cord  or  of  the  pia 
mater  lead  in  the  first  instance  to  local  degeneration  within  the 
infiltrated  region  ;  they  may  however  give  rise  to  more  extensive 
degeneration,  especially  when  wide-spread  oedema  accompanies 
the  local  cellular  infiltration.  For  example,  purulent  or  tuber- 
culous spinal  meningitis  may  be  combined  with  oedema  involving 
the  whole  of  the  cord  (Art.  103,  Fig.  209),  whereby  its  sectional 
diameter  may  be  doubled. 

The  causes  of  inflammation  of  the  cord  are  of  many  kinds; 
and  according  to  the  nature  of  the  inflammatory  irritant  and  its 
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mode  of  action  we  may  classify  the  several  varieties  as  traumatic, 
infective,  toxic,  haematogenous,  lymphogenous,  and  conducted 
or  secondary.  Inflammation  is  frequently  caused  by  the  forms 
of  degeneration  already  referred  to,  since  the  more  intense  local 
degenerations  are  apt  to  be  combined  with  exudative  processes, 
and  in  the  later  stages  with  hyperplastic  proliferation.  It  is  thus 
impossible  to  draw  a  sharp  line  between  simple  degenerations  and 
inflammations,  and  accordingly  the  term  myelitis  has  been  applied 
both  to  processes  that  from  the  outset  are  characterised  by  inflam- 
matory exudation,  and  to  others  that  begin  as  degenerations  and 
only  in  the  later  stages  of  their  course  are  combined  with  morbid 
exudation  and  proliferation. 
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Ziegler's  Beitrage  xii  1892 
NoNNE  :  Pernicious  anaemia  A.f.  Psych,  xxv  1893 
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system  in  rabies  V.  A.  122  1890 
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91.  Simple  atrophy  of  the  spinal  cord  or  of  its  parts,  with- 
out any  very  striking  alteration  of  structure,  appears  as  a  senile 
change  or  as  a  result  of  disuse,  for  example  after  the  ampu- 
tation of  a  limb  (Fig.  180).  It  also  appears  in  the  absence  of 
these  conditions,  and  from  causes  unknown  to  us.  It  may  in- 
volve the  nerve-fibres  as  well  as  the  ganglion-cells,  and  it  is  at 
first  indicated  by  diminution  in  size  (Fig.  184  a  a^),  and  later  on 
by  complete  disappearance,  of  these  elements.  The  most  im- 
portant variety  is  progressive  atrophy  of  the  anterior  horns, 
characterised  chiefly  by  progressive  diminution  in  size  of  the 
ganglion-cells.  The  anterior  horns,  which  normally  abound  in 
ganglion-cells  (Fig.  188  a),  come  at  length  to  contain  only  a  few 
scattered  cells,  and  in  certain  spots  none  at  all,  while  the  nerve- 
fibres  of  the  grey  matter  and  of  the  anterior  roots  for  the  most 
part  disappear  outright  (Fig.  184). 

Degeneration  of  the  cord  and  myelitis  are,  so  far  as  the 
nervous  elements  are  concerned,  indicated  in  the  early  stages  by 
disintegration  of  the  myelin  into  drops  of  peculiar  form  (Fig. 
185  a  d),  that  soon  yield  the  reaction  of  fat  with  perosmic  acid. 
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Fig.  183.  Transverse  section  through  the  apex  of  the  left  anterior  horn 

OF  A  NORMAL  SPINAL  CORD  AT  THE  LEVEL  OF  THE  FOURTH  CERVICAL  NERVES. 

{Preparation  hardened  in  Mailer's  fluid  and  alcohol,  stained  with  haematoxylin 
and  carmine,  and  mounted  in  Canada  balsam :  x  150) 


a    ganglion-cells 

6    fiorizontal  tracts  of  nerve-fibres  within 

the  grey  matter 
6l  anterior  nerve-roots 
c    transverse  sections  of  nerve-fibres   in 

the  adjacent  white  matter 


fine  and  coarse  nerve-fibres  running  in 
various  directions,  some  cut  trans- 
versely some  longitudinally 

nuclei  of  the  neuroglia-cells 


Fig.  184.    Transverse  section  through  the  apex  of  an  atrophic  anterior  horn 

AT  the  LEVEL  OF  THE  FOURTH  CERVICAL  NERVES. 

(From,  a  woman  of  about  forty  who  died  from  ascending  atrophy  of  the  anterior  horns : 
preparation  hardened  in  MilUer' s  fluid  and  alcohol,  stained  with  haematoxylin  and 
carmine,  and  mounted  in  Canada  balsam :  x  150) 


a    normal  ganglion-cells 
ai  atrophic  ganglion-cells 
6    surviving  nerve-fibres  of  the  grey  mat- 
ter 


c    transverse  section  of  nerve-fibres  of  the 

white  matter 
d    blood-vessel 
e    nuclei  of  the  neuroglia-cells 
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and  breaking  up  into  minute  globules  (e)  disappear;  by  irreg- 
ular and  often  marked  swelling  with  subsequent  disintegration 
of  the  axis-cylinders  (c  Cj);  and  by  swelling  with  vacuolar, 
hyaline,  and  fatty  degeneration,  sometimes  followed  by  disinte- 
gration, of  the  ganglion-cells  (white  softening).  Inequalities  in 
the  amount  of  the  myelin  ensheathing  the  axis  lead  to  the  forma- 
tion of  varicose  nerve-fibres  (6);  irregular  swelling  of  the  axis 
itself  to  the  formation  of  varicose  axis-cylinders  (cj). 

If  an  inflammatory  exudation  with  cellular  infiltration  co-exists 
with  the  general  disintegration,  leucocytes  are  intermingled  with 
the  detritus  of  the  nerve-matter,  or  cellular  infiltration  appears 
about   the   blood-vessels,  as   the   leucocytes   collect   first  in  the 

lymph-sheaths  that  sur- 
round the  vessels  and  are 
continuous  with  the  sub- 
arachnoid spaces.  In  cases 
of  haemorrhage  red  blood- 
corpuscles  are  of  course  con- 
tained in  the  disintegrating 
tissue  (red  softening). 

The  neuroglia-cells  often 
remain  unchanged,  even  in 
cases  where  there  is  much 
disintegration  of  the  nerve- 
elements  ;  but  not  infre- 
quently they  perish  with 
the  nerve-cells  within  the 
region  of  degeneration:  in 
this  way  the  destruction  of 
the  substance  of  the  spinal 
cord  may  be  so  complete 
that  only  the  vessels  and 
the  larger  meshes  of  the 
supporting  connective  tis- 
sue remain.  Even  these 
may  however  be  destroyed, 
at  least  in  part,  in  cases 
of  extensive  necrosis  and  suppuration  of  the  cord. 

Ill  primary  inflammation  and  in  non-inflammatory  degenera- 
tion, an  accumulation  of  migratory  cells  within  the  altered  tissue 
takes  place,  owing  to  the  presence  in  it  of  the  products  of  disin- 
tegration. These  cells,  taking  up  by  their  amoeboid  movements 
the  detritus  of  the  cord,  and  in  particular  the  granules  of  myelin, 
are  converted  into  fat-granule  cells  (Fig.  185/).  When  haemor- 
rhage has  supervened,  pigment-granule  cells  are  formed,  which 
are  loaded  with  the  products  of  disintegration  of  the  blood 
(yello'w  softening). 

When  the  tissue  is  completely  disintegrated,  the  various  pro- 


Fig.  185.    Degeneration  of  the  cobd  from 

COMPRESSION. 

(Teased  preparation  from  the  white  matter:  x  300) 

a  nerve-fibre  with  coagulated  myelin  sheath 

b  axisKjylinder  with  some  adherent  myelin 

c  naked  axis-cylinder 

Ci  naked  and  swollen  axis-cylinder 

d  free  myelin  drops 

e  free  detritus  of  the  myelin  and  axis-cylinders 

/  spherical  cells  with  fat-granules 

g  small-round-ceUs 
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ducts  of  disintegration  and  the  granule-carrying  cells  are  mingled 
together ;  and  if  the  neuroglia  remains,  those  cells  occupy  the 
place  of  the  destroyed  nerve-fibres  in  the  meshes  of  the  supporting 
framework  (Fig.  186  d').  The  granule-cells,  which  are  first  seen 
some  days  after  the  onset  of  the  degeneration,  may  be  leucocytes 
extravasated  from  the  blood-vessels ;  to  these,  however,  newly- 
formed  cells  derived  from  the  proliferation  of  the  connective  tissue 
of  the  vessels  and  vessel-sheaths,  and  sometimes  of  the  pia  mater 
also,  are  soon  added,  and  in  the  later  stages  of  the  process  these 
proliferous  cells  probably  predominate. 

During  disintegration  of  the  nerve-tissue  liquid  always  collects 
along  with  the  infiltrated  cells  within  the  region  of  disintegration; 
in  this  liquid  the  products  of  disintegration  become  partially  dis- 
solved.    According  to  Stroebe,  rounded  homogeneous  or  occa- 


FiG.  186.    Myelitis  from  compression. 

(Fourth  week  after  the  compression :  preparation  hardened  in  Mailer's  fluid  and  alcohol, 
stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada  balsam :  X  500) 

d 


a    supporting  tissue  of  the  white  mat- 
ter 
6    vacant  nerve-spaces 
c    persistent  nerve-fibres 


large  fat-granule  cells,  the  fat  being 
dissolved  out 

e    blood-vessel 

/  adventitia  of  the  blood-vessel  with  fat- 
granule  cells 


sionally  stratified  globules,  the  so-called  corpora  amylacea,  are 
developed  from  the  swollen  axis-cylinders;  these  resist  solution 
and  remain  permanently  lodged  in  the  tissue.  In  certain  very 
rare  cases,  when  the  destructive  process  involves  isolated  cells 
only,  the  altered  ganglion-cells  are  liable  to  become  calcified. 

The  pigment-granule  cells  sometimes  remain  a  long  time  within 
the  area  of  disintegration,  and  then  perish.  Those,  however,  that 
originate  from  proliferous  connective  tissue  have  the  power,  after 
the  dissolution  of  the  detritus  they  enclose,  of  taking  part  in  the 
formation  of  new  connective  tissue.  Some  may  pass  into  the 
circumvascular  lymph-spaces  of  the  cord  (Fig.  186  /)  and  thence 
reach  the  pia  mater  and  the  subarachnoid  spaces. 
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The  restoration  of  the  foci  of  degeneration  and  inflammation 
begins  by  the  dissolution  and  removal  of  the  products  of  disinte- 
gration and  the  inflammatory  exudation,  and  of  the  haemorrhagic 
estravasation  if  it  have  occurred,  a  clear  liquid  taking  their  place. 
Reparative  proliferation  is  simultaneously  set  up,  chiefly  in  the 
neuroglia  and  connective  tissue.  Ganglion-cells  once  destroyed 
are  not  reproduced.  According  to  Stkoebe's  observations  in 
animals,  nerve-fibres  may  in  certain  places  (such  as  the  entrance- 
point  of  the  posterior  roots  and  the  pyramidal  tracts)  grow  out 
again  from  axis-cylinders  still  connected  with  their  ganglion-cells. 
Such  regeneration  must,  however,  take  place  to  a  very  limited 
extent  in  man,  if  indeed  it  ever  occurs  at  all ;  it  does  not  lead  to 
restitution  of  what  has  been  lost,  and  it  never  restores  the  broken 
connexions  of  the  nerve-fibres  with  their  terminal  organs  or  parts. 


Fig.  187.    Sclerotic  tissue  fbom  the  posterior  column  (disseminated 

sclerosis). 
(Preparation  hardened  in  Mailer's  fluid,  stained  by  Mallort's  method  and  mounted 

in  Canada  balsam :  x  500) 
a    neuroglia-cell  with  numerous  processes       b    sclerotic     tissue,    neuroglia-fibres    iu 
in  longitudinal  section  transverse  section 

Proliferation  of  the  neuroglia  makes  its  appearance  chiefly  in 
cases  where  the  degenerative  changes  have  affected  the  nerve-ele- 
ments only;  it  sometimes,  however,  occurs  in  parts  where  the 
disintegration  is  complete.  When  abundant  it  may  lead  to  the 
formation  of  new  tissue  of  firm  and  compact  texture,  a  condition 
which  is  called  sclerosis.  Sclerotic  tissue  consists  of  a  thick 
interlacing  felt-work  of  fine  fibres  (Fig.  187  a  J),  radiating  from 
nuclear  centres  (a)  and  derived  from  the  elongated  ramifying 
processes  of  the  stellate  neuroglia-cells  (a).  If  the  proliferation 
is  less  abundant  the  new  tissue  has  a  looser  structure  (Fig.  188); 
but  its  basis  of  branching  neuroglia-cells,  composing  a  plexiform 
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intervascular  network  (d)  whose  meshes  are  filled  with  liquid, 
can  still  be  recognised. 

The  complete  development  of  sclerosis  always  requires  a  con- 
siderable time,  it  may  be  many  months.  The  original  structure 
of  the  cord  remains  distinct  in  the  white  matter,  provided  it  is  not 
entirely  disintegrated,  inasmuch  as  the  spaces  formerly  occupied 
by  the  nerve-fibres  are  not  completely  filled  up  by  neuroglia  (Fig. 
187  6).  As  the  fibres  run  for  the  most  part  in  the  longitudinal 
direction,  in  a  cross-section  they  are  cut  transversely  (Fig.  187  J) ; 
there  are,  however,  places  where  they  run  mainly  in  a  horizontal 
direction,  and  there  of  course  the  cross-section  will  cut  them  longi- 


FiG.  188.    Obey  gelatinous  degeneration  of  the  anterior  horn  of  the  cord. 
{From  the  lumbar  cord  twenty  months  after  the  onset  of  acute  poliomyelitis ;  preparation 
hardened  in  Mailer's  fluid,  stained  with  haematoxylin  and  carmine,  and  mounted  in 
Canada  balsam  :  x  200) 
A    white  matter  c    round-cells  with  no  processes 

B    apex  of  the  anterior  horn  d    Wood-vessels  .        .^u 

a    atrophic  anterior  roots  devoid  of  nerve-        e    sclerosis  of  the  adjoining  portion  ot  the 

fil)res  white  columns 

6    branched  neuroglia-cells  forming  a  net-       /    dense  sclerosis  of  the  border  of  the  an- 

work  of  fine  glistening  fibres  terior  horn 

tudinally.  The  closeness  and  density  of  the  sclerotic  tissue  vary 
greatly  with  the  duration  of  the  process  and  the  nature  of  the  de- 
generation. 

In  the  grey  matter  the  fully  formed  sclerotic  tissue  is  some- 
times close,  sometimes  loose  in  texture  (Fig.  188  B).  If  the 
tissue  collapses  and  shrinks,  the  sectional  area  of  the  cord,  or  it 
may  be  of  the  affected  grey  matter  only,  is  diminished. 

The  sclerotic  patches  appear  grey  in  colour,  as  they  contain  no 
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myelin.  Dense  scleroses  look  firm  and  dry  even  to  the  unaided 
eye.  Loose-textured  patches  seem  gelatinous,  and  do  not  indeed 
deserve  the  name  of  scleroses;  a  more  suitable  term  to  distinguish 
the  condition  from  the  true  or  hard  scleroses  would  be  grey 
gelatinous  degeneration. 

Connective  tissue  forms  in  the  cord  chiefly  after  severe  lesions, 
such  as  section,  laceration,  and  suppuration.  The  proliferation 
starts  from  the  pia  mater  and  from  the  adventitial  sheaths  of  the 
vessels;  and  in  the  process  of  repair  it  builds  up  granulation-tissue, 
which  later  on  passes  into  scar-tissue  of  the  ordinary  fibrous  char- 
acter. 
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Tietzen  :  Acute  softening  of  the  cord  Inaug.  Diss.  Marburg  1886 
Tooth  :  Changes  in  nerve-fibres  B.  M.  J.  1 1889 

92.  If  a  nerve-fibre  is  interrupted  by  degeneration  or  inflam- 
mation, secondary  degeneration  always  ensues  in  the  portion  of 
the  fibre  that  is  severed  from  the  body  of  its  ganglion-cell,  and 
extends  throughout  the  entire  length  of  the  distal  portion.  The 
explanation  of  this  degeneration  lies  in  the  fact  that  the  nerve- 
fibre  IS  but  a  process  of  the  cell,  and  can  retain  its  life  only  so  long 
as  its  connexion  with  the  cell-body  is  maintained.  According  to 
the  direction  of  normal  conduction  in  the  fibre,  we  distinguish 
between  ascending  and  descending  forms  of  secondary  degenera- 
tion. 

Descending  degeneration  is  observed  most  frequently  in  the 
pyramidal  tracts  (Fig.  178  Psb  and  Fvb},  and  ensues  in  all  cases 
in  which  the  motor  centres  of  the  cerebral  cortex,  or  the  motor 
fibres  in  their  course  downward  through  the  corona  radiata,  the 
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internal  capsule,  the  crura  cerebri,  and  the  pyramidal  tracts,  are 
anywhere  destroyed.  It  extends  dowuAvards  to  the  point  where 
the  interrupted  fibres  enter  the  anterior  horn  of  the  cord.  In 
rare  cases  the  ganglion-cells  of  the  anterior  horns  are  also  involved 
in  the  atrophy,  whereupon  the  motor  fibres  passing  out  of  the  cord 
degenerate  in  their  turn. 

If  the  seat  of  the  primary  degeneration  is  in  the  cord,  and  the 
entire  transverse  section  of  the  tracts  is  interrupted,  the  remainder 
of  the  antero-lateral  columns  below  the  interruption  degenerate 
also.  But  the  degeneration  is  not  extreme  for  more  than  a  dis- 
tance of  one  or  two  centimetres ;  beyond  this  only  a  few  isolated 
fibres  are  affected.  Moreover,  in  particular  fibres  of  the  pos- 
terior ground-bundles  secondary  degeneration  extends  downwards 
for  about  six  centimetres ;  the  regions  near  the  posterior  septum 
on  either  side  are  however  spared.  The  degenerate  fibres  are  in 
part  those  which  come  from  the  posterior  roots,  and  after  their 
entrance  into  the  cord  pass  downwards  for  some  distance. 

Ascending  degeneration  sets  in  after  transverse  lesions  of 
the  cord  and  of  the  fibres  of  the  posterior  roots.  After  complete 
interruption  of  the  cord  all  the  posterior  tracts  degenerate  for  a 
short  distance  above  the  injured  region,  the  degeneration  extend- 
ing farther  only  in  the  columns  of  GoU  (Fig.  178  /.  grJ),  where  it 
advances  up  to  the  clavate  nucleus  of  the  funiculus  gracilis.  The 
degeneration  following  on  destruction  of  the  posterior  roots  is  of 
the  same  kind,  for  the  columns  of  GoU  have  their  trophic  centres 
in  the  root-ganglia.  If  the  interruption  of  the  cord  is  situated 
in  the  upper  thoracic  region,  the  direct  cerebellar  tract  (Fig. 
178  Ksb%  proceeding  from  the  column  of  Clarke  to  the  upper 
vermis  of  the  cerebellum,  also  degenerates  above  the  injured 
spot ;  and  so  also  does  a  bundle  lying  in  front  of  this  and  pass- 
ing along  the  outer  margin  of  the  lateral  column  (Gowers'  tract 
or  antero-lateral  fibres). 

Secondary  degeneration  begins  at  the  same  time  throughout 
the  whole  of  the  affected  nerve-tract.  It  is  recognisable  on  micro- 
scopic examination  as  early  as  the  second  day  after  the  interruption 
of  conductivity  (Stroebb),  the  destruction  of  the  myelin-sheaths 
having  then  already  begun.  After  some  days  more  disintegra- 
tion of  the  axis-cylinder  also  can  be  demonstrated. 

When  the  disintegration  has  reached  a  certain  point,  absorp- 
tion of  the  detritus  begins,  and  granule-carrying  cells  make  their 
appearance.  The  spaces  left  vacant  by  the  degeneration  are  partly 
filled  up  with  liquid,  partly  with  proliferous  neuroglia ;  though 
months  and  even  years  may  pass  before  the  newly- formed  neuro- 
gliar  tissue  becomes  dense  and  closes  up  its  meshes. 

A  degenerated  tract  examined  after  two  or  three  months  (Fig. 
189  -B),  assuming  that  all  or  most  of  its  fibres  have  perished,  is 
found  to  consist  mainly  of  a  reticular  mesh-work  (P'ig.  189  6), 
whose  interspaces  are  empty  or  contain  liquid,  with  here  and  there 
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masses  of  detritus  and  fat-granule  cells  (d).  Generally  speaking, 
all  tlie  fibres  of  a  tract  are  not  interrupted,  and  so  the  microscopic 
preparation  of  the  tissue  includes  cross-sections  of  nerve-fibres. 
The  reticular  framework  is  only  moderately  thickened;  but  it 
stains  more  deeply  with  carmine  than  does  normal  tissue.  After 
the  lapse  of  from  six  to  twelve  months  or  more,  most  of  the 
meshes  have  become  smaller  (Fig.  190),  while  the  reticular  tissue 
(J)  has  increased  in  bulk  by  hyperplasia. 

E'at-granule  cells   (<?)  are    still   found  after  an  even  longer 
interval,  lying  partly  in  the  spaces  vacated  by  the  nerve-fibres, 


Fig.  189.    Ascending  degeneration  of  the  coed  above  a  compressed  portion. 

(Preparation  made  two  and  a  half  months  after  the  onset  of  the  compression :  hardened 
in  Mailer's  fluid,  stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada 
balsam, :  X  250) 


A  transverse  section  through  normal  b 
white  matter  c 

B  transverse  section  through  the  degen-  d 
erate  white  matter 

o     normal  nerve-fibres 


neuroglia-tissue 
neuroglia-cells 

fat-granule  cells  after  removal  of  their 
fat  by  solution 


Fig.  190.    Ascending  degeneration  or  the  coed. 

(Preparation  made  eighteen  months  after  the  onset  of  compression:  hardened  in 
Mailer's  fluid,  stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada 
balsam :  x  250) 

a    transverse  section  of  nerve-fibres 
6    hyperplastic  neuroglia-tissue 
c    nuclei  of  the  neuroglia-cells 


d    fat-granule  cells  after  solution  of  their 
fat 


partly  also  in  the  adventitial  lymph-sheaths  of  the  vessels  in  and 
about  the  area  of  degeneration.  They  are  often  also  to  be  seen  in 
the  lymph-spaces  of  the  pia  mater. 

So  long  as  the  degenerated  tracts  contain  products  of  disin- 
tegration in  considerable  quantity,  namely  during  the  first  two  or 
three  months,  they  appear  white,  opaque,  and  abnormally  soft. 
After  absorption  of  the  detritus  has  taken  place,  the  patches  be- 
come grey,  and  at  the  same  time  diminish  in  bulk. 
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CHAPTER   XXX 
THE  FORMS  OF  MYELITIS 

93.  All  lesions  of  the  spinal  cord  that  result  from  cuts,  stabs, 
or  gunshot  wounds,  and  from  contusion,  fracture,  or  dislocation 
of  the  spine,  may  be  included  under  the  head  of  traumatic  mye- 
litis. We  may  also  include  the  crushing  of  the  cord  that  occurs 
suddenly  in  caries  of  the  vertebrae,  when  the  spinal  column  gives 
way  by  collapse  of  the  vertebral  bodies,  and  the  bones  encircling 
the  canal  are  relatively  displaced. 

The  immediate  result  of  such  traumatic  violence  is  more  or  less 
extensive  bruising  and  stretching,  or  complete  crushing  of  the 
cord,  with  the  possible  addition  of  haemorrhage.  The  lesion  is 
slightest  in  simple  concussion,  and  in  those  minor  displacements 
of  the  bones  of  the  spine  that  involve  only  slight  and  partial  nip- 
ping of  the  cord.  If  no  septic  infection  accompanies  the  injury, 
disintegration  of  the  nerve-elements  follows  in  the  damaged  region; 
sometimes  the  neuroglia  and  connective  tissue  also  suffer,  and  the 
substance  of  the  cord  undergoes  progressive  colliquative  soften- 
ing. When  there  is  no  haemorrhage,  the  condition  is  called 
-svhite  softening;  when  haemorrhage  is  present,  red  softening. 
Destruction  of  the  entire  transverse  section  of  the  cord  involves 
interruption  of  all  the  conducting  tracts,  and  consequently  leads 
to  the  secondary  degenerations  discussed  in  Art.  92 ;  it  also 
induces  degeneration  of  the  peripheral  motor  nerve-fibres  whose 
ganglion-cells  have  perished.  When  the  cord  is  only  partially 
destroyed  the  resulting  secondary  degeneration  is  naturally  more 
or  less  limited.  The  intensity  of  the  inflammation  induced  by 
injury  and  softening  is  generally  proportional  to  the  severity  of 
the  lesion. 

Repair  is  effected  by  the  production  of  sclerosis  or  of  a  fibrous 
cicatrix.  The  former  is  the  usual  result  after  severe  lesions  com- 
bined with  damage  to  the  membranes  ;  the  latter  follows  slighter 
lesions  which  leave  the  pia  mater  intact.  Where  the  sclerosis 
or  cicatrix  is  of  considerable  size,  the  cord  becomes  notably  con- 
tracted, and  may  be  reduced  to  a  mere  string.  If  the  wound  of 
the  cord  become  infected,  suppuration  may  ensue,  and  extend  to 
the  adjoining  structures,  and  in  particular  to  the  membranes. 
Disorders  of  the  circulation  of  the  blood  and  lymph,  such  as  are 
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generally  associated  with  the  changes  at  the  site  of  the  lesion, 
may  give  rise  to  patches  of  white  and  red  softening  (Stkoebe)  at 
remote  points,  or  to  dilatation  of  the  central  canal. 

Under  the  head  of  myelitis  from  compression  are  grouped 
all  traumatic  lesions  wherein  the  spinal  cord  is  subjected  to 
gradually-increasing  local  pressure,  and  is  thus  caused  to  become 
degenerate.  The  most  common  cause  of  these  lesions  is  tuber- 
culous disease  of  the  spine  and  dura  mater,  primaxy  or  secondary 
new-growths  in  the  membranes  or  more  rarely  in  the  cord  itself, 
or  distension  of  the  central  canal  with  effused  liquid  or  blood 
(Art.  95). 

The  degeneration  of  tlie  cord  is  in  such  cases  essentially  due 
to  disturbance  of  the  circulation  of  the  blood  or  lymph.  It 
appears  first  in  the  white  columns,  the  fibres  of  which  at  the  point 
of  pressure  may  -within  six  hours  from  the  beginning  of  compres- 
sion swell  up  and  disintegrate  (Kahlee).  The  ganglion-cells 
usually  persist  much  longer.  The  disintegration  of  the  nerve- 
fibres  always  leads  to  the  appearance  of  granule-carrying  cells 
(Fig.  185  /  and  Fig.  186  d  f).  Secondary  degeneration  invari- 
ably accompanies  the  breaking  down  of  the  nerve-fibres  at  the 
seat  of  compression. 

Proliferation  of  the  neuroglia  follows  upon  the  disappearance 
of  the  nerve-fibres,  and  leads  in  the  course  of  some  months  to 
sclerosis  both  of  the  part  compressed  and  of  the  tissue  along  the 
track  of  the  secondary  degeneration  (Fig.  190  6). 

References  on  Myelitis  from   Traumatic  Injury  and  Compression 
(see  also  Arts.  90  and  91). 

Bruns  :  Traumatic  destruction  of  the  cord  A./.  Psych,  xxv  1893  (with  refer- 
ences) 

Kahler  :  Compressive  degeneration  Prag.  Z.  f.  Heilk.  iii  1882 

Kahler  and  Pick:  Compression  A.f.  Psych,  x  1879 

Leyden  :  Klinik  d.  RiXckenmarhskrankheiten  1874-76 ;  Case  of  haematomyelia 
Z.  f.  klin.  Med.  xiii  1887 

MiCHAUD :  Sur  la  myeliie  et  la  meningite  dans  le  mat  vertebr.  Paris  1871 

MuLLER,  W. .  Beitr.  z.  path.  Anat.  u.  Physiol,  des  Ruckenmarks  Leipzig  1871 

94.  The  affections  included  under  the  term  haematogenous 
myelitis  begin  in  part  as  degenerations  with  haemorrhage,  in 
part  as  exudative  inflammations  characterised  from  the  outset 
by  the  appearance  of  infiltrations  round  the  blood-vessels. 

Haematogenous  myelitis  is  essentially  a  focal  disease  (soli- 
tary or  multiple).  Sometimes,  however,  when  the  foci  are  very 
numerous,  and  appear  in  combination  with  general  disturbance 
of  the  circulation  and  inflammatory  oedema,  and  with  secondary 
degenerations,  the  lesion  becomes  so  wide-spread  that  it  might 
fairly  be  described  as  diffuse  myelitis. 

If  the  focus  of  disease  be  seated  in  the  white  matter  the  affec- 
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tion  is  known  as  leucomyelitis  (XevKOf  white)  ;  if  the  grey  mat- 
ter be  involved  we  have  poliomyelitis  (ttoXw?  grey) ;  extension 
of  the  inflammation  over  the  whole  cross-section,  or  the  greater 
part  of  it,  gives  rise  to  transverse  myelitis. 

Opportunity  is  seldom  afforded  us  to  investigate  the  initial 
stages 'of  the  process,  and  often  we  cannot  determine  whether  it 
has  originated  from  ischaemia  or  haemorrhage,  due  to  changes  in 
the  vessels,  or  whether  it  is  to  be  attributed  to  the  action  of 
poisons  or  infections.  Among  the  infective  agents  to  be  con- 
sidered in  this  connexion  are  the  pyogenic  micrococci,  the  Dip- 
lococcus  pneumoniae,  the  virus   of   rabies,  tubercle-bacilli,  lepra- 

bacilli,  and  the  virus  of  syph- 
ilis. Among  the  poisons 
must  be  mentioned,  first, 
such  as  arise  autogenetically 
in  the  course  of  infective 
disease,  and  in  the  second 
place  noxious  substances  of 
vegetable  and  mineral  ori- 
gin, such  as  ergot,  lead,  and 
arsenic. 

The  most  important 
changes  accompanying  hae- 
matogenous  myelitis  are  the 
degeneration  and  disinte- 
gration of  the  nerve-ele- 
ments, which  take  place  in 
the  manner  described  in 
Art.  91.  The  inflammatory 
exudation  is  usually  not  a 
very  prominent  feature,  and 
is  only  temporary ;  in  rare 
cases,  however,  it  becomes 
purulent,  and  then  suppuration  ensues,  with  the  formation  of  an 
abscess.  If  the  foci  of  suppuration  are  small  the  pus  may  be 
re-absorbed,  and  the  cavities  undergo  cicatrisation ;  larger  foci 
tend  to  become  surrounded  by  an  encysting  envelope  of  granu- 
lation-tissue. Infection  of  the  pia  mater  from  such  abscesses  in 
the  cord  leads  to  meningitis. 

The  usual  termination  of  myelitis  is  the  formation  of  a  grey 
sclerotic  patch,  within  which  the  nerve-elements  have  more  or  less 
entirely  perished  (Fig.  191  a  h  and  Fig.  192  ab  c);  but  cases  are 
met  with  in  which  such  sclerotic  induration  is  very  slight,  or 
altogether  absent. 

Transverse  myelitis  leads  to  a  diminution  of  the  sectional  area 
of  the  cord,  the  white  tracts  presenting  a  greyish  appearance  when 
many  nerve-fibres  have  been  lost  (Fig.  192  c),  while  in  the  grey 
matter  (a  J)  the  ganglion-cells  and  nerve-fibres  are  more  or  less 


Fig.  191.    Solekosis  and  contraction  of  the 
entire  grey  matter  of  the  cord. 

{From  the  lower  thoracic  region  of  the  cord  of  a 
man  aged  about  thirty,  who  suffered  from 
acute  poliomyelitis :  preparation  hardened  in 
Mailer's  fluid,  and  stained  with  carmine :  x  6) 

a    sclerotic  grey  matter 

6    sclerotic  patch  in  the  posterior  columns 
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completely  destroyed,  and  their  place  is  taken  by  sclerotic  tissue. 
Focal  leucomyelitis  gives  rise  to  the  formation  of  circumscribed 
grey  patches  (Fig.  191  6).  Poliomyelitis  often  produces  con- 
traction and  deformity  of  the  grey  matter  (Fig.  191  a),  though 
the  form  of  the  horns  is  sometimes  preserved.  All  the  varieties 
of  focal  degeneration  induce  secondary  degenerations,  which  in 
leucomyelitis  involve  especially  the  tracts  of  the  white  matter, 
and  in  poliomyelitis  the  anterior  roots  also. 

The  absence  of  sclerosis  in  myelitic  foci  may  be  due  to  the  fact 
that  too  short  a  time  has  elapsed  since  the  onset  of  the  primary 
disintegration.      The    pro- 


liferation  of  the  neuroglia 
is  however  sometimes  in- 
considerable, even  after  the 
affection  has  existed  for  a 
long  period  ;  this  is  espe- 
cially apt  to  be  the  case  in 
the  region  of  the  grey  mat- 
ter. 

Extensive  destruction  of 
the  neuroglia  is  also  un- 
favourable to  proliferation, 
as  is  also  advanced  age  on 
the  part  of  the  patient. 
Moreover,  an  inflammation 
which  is  restricted  to  the 
formation  of  an  exudation 
within  the  lymph-sheaths  of 
the  vessels,  and  causes  no 
injury  to  the  nerve-elements,  may  pass  away  without  inciting  the 
neuroglia  to  proliferation. 

Transmitted  or  consecutive  myelitis  is  commonest  as  a  result 
of  acute  spinal  meningitis  ;  the  inflammation  extends  to  the  cord 
along  the  vessels,  and  leads  to  meningo-myelitis  (Art.  103); 
from  this  may  arise  cellular  infiltration  of  the  vascular  sheaths, 
diffuse  oedematous  swelling  of  the  cord,  and  degeneration  of  the 
nerve-fibres  and  nerve-cells.  In  rare  cases  inflammatory  irritants 
are  disseminated  by  way  of  the  central  canal,  as  in  cases  of  sup- 
puration in  or  about  the  fourth  ventricle.  They  give  rise  to  cen- 
tral myelitis  extending  over  the  whole  length  of  the  cord,  and 
manifested  by  oedema,  cellular  infiltration,  and  disintegration  of 
the  tissue,  first  of  the  grey  commissure,  later  on  of  the  anterior 
and  posterior  horns,  and  finally  of  the  white  columns. 


Fig.  192.    Transverse  sclerosis  of  the  cord. 

{From  the  lower  thoracic  region  of  the  cord  of 
a  man  aged  about  forty ,  who  suffered  from 
transverse  myelitis :  preparation  hardened  in 
Mailer's  fluid,  and  stained  with  carmine :  x  6) 

a    gelatinous-looking  degenerate  grey  matter 

6    persisting  ganglion-cells 

c    atrophic  and  sclerotic  white  matter 
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HYDROMYELIA  AND  SYRINGOMYELIA 


95.  Hydromyelia  is  a  more  or  less  marked  dilatation  of  the 
central  canal  of  the  cord,  associated  with  or  produced  by  an  accu- 
mulation of  liquid  within  it.  In  some  instances  hydromyelia  is 
congenital ;  it  attains  its  extreme  in  certain  cases  of  spina  bifida, 
in  which  a  saccular  bulging  of  the  medullary  tube  (myelocystocele 
or  hydromyelocele)  protrudes  outwards  through  a  gap  in  the  bony 
wall  of  the  spinal  canal.  In  other  cases  the  condition  is  acquired, 
and  is  referable  to  secondary  or  consecutive  inflammatory  affec- 
tions of  the  central  canal  (Art.  94),  to  disturbance  of  the  circula- 
tion of  blood  or  lymph,  or  to  degeneration  affecting  the  wall  of 
the  central  canal.  It  may  thus  form  a  complication  of  traumatic 
lesions  or  of  degeneration  from 
compression,  and  is  not  infre- 
quently observed  above  the 
injured  or  compressed  part. 

The  dilatation  extends  over 
a  portion  or  the  whole  of  the 
cord.  In  cross-section  the 
canal  is  sometimes  round, 
sometimes  narrowed  to  a  mere 
fissure  (Fig.  193  S),  sometimes 
three-cornered  or  entirely  ir- 
regular. Not  uncommonly  it 
gives  off  local  diverticula,  and 
it  has  been  found  to  be  dupli- 
cated or  triplicated.      These 

conditions  are  probably  due  to  local  anomalies  of  development 
at  the  time  when  the  medullary  tube  was  in  process  of  closure, 
whereby  a  double  or  triple  canal  was  formed  instead  of  a  single 
one. 

The  dilated  canal  is  lined  with  ependymal  epithelium,  though 
at  the  time  of  post-mortem  examination  the  epithelium  has  often 
to  a  great  extent  disappeared.  In  acute  dilatations  due  to  inflam- 
mation, the  neuroglia  surrounding  the  central  canal,  and  occa- 
sionally the  tissue  somewhat  more  remote,  are  apt  to  become 
softened  (Art.  94).  In  other  and  chronic  cases  of  hydromyelia, 
the  wall  of  the  canal  appears  hypertrophic  from  proliferation  of 


Fig.  193.     Htdbomyblia  with  sclekosis 
of  the  stirroundinq  tissue. 

{Preparation  hardened  in  Miiller's  fluid,  and 
stained  with  carmine :  x  4) 

a    grey  matter  6    central  cavity 

c    sclerotic  tissue 
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the  neuroglia  (Fig.  193  c).  Slight  degrees  of  hydromyelia  cause 
no  perceptible  change  of  form  in  the  cord,  but  greater  dilatations 
increase  its  total  girth.  Accumulation  of  pus  or  blood  in  the 
central  canal  leads  to  conditions  which  might  be  termed  pyo- 
myelia  or  haematomyelia. 

The  term  syringomyelia  is  applied  to  a  chronic  affection  of 
the  cord,  associated  with  morbid  exca- 
vation of  its  substance  ;  in  the  typical 
form  the  cavity  is  situated  behind  the 
central  canal,  and  is  surrounded  by  a 
zone  of  somewhat  dense  hyperplastic 
neuroglia  (Fig.  194  6  c).  At  first  the 
hyperplasia  takes  place  within  the  grey 
commissure  ;  but  it  very  often  extends 
thence  into  the  posterior  white  columns. 
The  condition  is  especially  common  in 
the  cervical  region,  but  it  may  be  met 
with  in  any  portion  of  the  cord  or  in- 
deed throughout  its  entire  length. 


Fig.  194.  Syringomyelia  in  the  region 
of  the  posterior  columns  of  the 
cervical  cord  (x4). 

a    grey  matter         6    syringomyelic  cavity 
c    sclerotic  tissue 


In  typical  cases  the  proliferation  of 
the  neuroglia  precedes  the  excavation, 
the  process  thus  beginning  with  a  cen- 
tral sclerosis,  or  gliosis  as  it  has  been 
termed.  In  some  cases  the  hyperplasia 
attains  such  proportions  (Fig.  195  A 
BO')  that  the  result  might  be  described 
as  an  elongated  glioma.  The  excava- 
tion (Fig  194  h  and  Fig.  195  c)  starts 
with  disintegration  of  the  proliferous 
neuroglia,  due  apparently  to  interfer- 
ence with  its  nutrition,  inasmuch  as  the  vessels  supplying  it 
exhibit  hyaline  thickening  of  their  walls  and  narrowing  of  their 
lumen.  The  contents  of  the  cavity  consist  usually  of  a  colourless 
liquid,  but  occasionally  of  a  yellow  or  brown  gelatinous  substance 
(Fig.  195  Ce),  or  of  blood  and  its  products  of  disintegration. 


Fig.  195.    Gliosis  and  syrinoo- 

MYELIA  in  the  LUMBAR  RE- 
GION  OF  THE   CORD. 

{Natural  size) 

A  B  transverse  section  through 

the  upper, 
C  D  through  the  middle, 
E  F  through  the  lower,  portions 
of  the  lumbar  cord 
a    substance  of  the  cord 
6    hyperplastic  neuroglia 
c     empty  cavity 
Ci   cavity  with  brown  gelatin- 
ous contents 
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111  certain  cases,  which  may  be  regarded  as  atypical,  similar  cavi- 
ties surrounded  by  overgrown  neuroglia  are  formed  in  a  different 
manner.  Foci  of  myelitic  disintegration  already  formed  break 
down,  and  at  a  subsequent  stage  become  surrounded  with  hyper- 
plastic neuroglia  (mySlite  cavitaire};  in  these  cases  however  the 
amount  of  newly-formed  neuroglia-tissue  is  usually  very  small. 

If  the  hyperplasia  assumes  greater  dimensions  it  may  spread 
not  only  to  the  posterior  columns,  but  also  to  the  posterior  and 
anterior  horns  of  grey  matter  (Fig.  195  b  in  A  B  QBE  F),  and 
ultimately  encroaches  on  the  antero-lateral  columns,  so  destroy- 
ing a  considerable  part  of  the  cross-section  of  the  cord. 

The  excavation  (c)  occupies  sometimes  but  a  small  portion 
(^A  B  C),  sometimes  the  greater  part  (D  E  F')  of  the  hyperplastic 
area;  in  other  cases  there  may  be  no  excavation  throughout  a 
considerable  part  of  the  longitudinal  extent  of  the  altered  tissue. 
Usually  the  appearance  of  the  transverse  section  varies  perceptibly 
at  different  levels. 

Regarded  from  the  outside,  the  cord  may  appear  unchanged; 
but  not  infrequently  it  is  contracted  in  places  from  imperfect 
development  of  the  posterior  columns,  while  the  posterior  median 
fissure  is  abnormally  wide.  Abundant  accumulation  of  liquid 
(jE  F^  within  the  cavity  leads  to  an  increase  in  the  girth  of  the 
cord. 

The  central  overgrowth  of  neuroglia  and  the  subsequent  exca- 
vation are  for  the  most  part  referable  to  anomalies  of  development 
in  the  region  of  the  commissure  and  the  posterior  columns,  and 
accordingly  the  morbid  appearances  to  which  they  give  rise, 
though  existing  perhaps  for  decades,  have  probably  had  their 
beginning  in  early  childhood.  If  similar  changes  follow  on  trau- 
matic injury  or  inflammation,  as  has  often  been  alleged,  it  is  prob- 
able that  they  belong  to  the  form  of  syringomyelia  above  referred 
to  as  atypical. 

Hydromyelia  and  syringomyelia  cannot  be  sharply  distin- 
guished. The  cavities  in  syringomyelia  can  very  often  be  shown 
to  be  here  and  there  connected  with  the  central  canal  (Schlesin- 
ger),  and  so  are  in  some  parts  lined  with  ependymal  epithelium, 
and  have  the  appearance  of  central  diverticula.  Moreover,  it  is 
to  be  remembered  that  hydromyelia  itself  is  often  due  to  a  congen- 
ital anomaly  of  development,  and  that  it  also  is  accompanied  by 
morbid  proliferation  of  the  neuroglia.  Whether  the  central  canal 
has  been  primarily  or  only  subsequently  involved,  is  a  question 
difficult  of  answer  in  any  given  case. 

Syringomyelia  is  during  life  indicated  chiefly  by  gradually-developing  atro- 
phy of  the  muscles,  by  trophic,  vaso-motor,  and  sensory  disturbances,  partial 
anaesthesia,  whitlows,  fissures,  and  necrosis  of  the  fingers,  and  by  cutaneous 
ulceration.  It  appears  to  be  at  least  twice  as  common  in  men  as  in  women, 
and  is  most  frequently  observed  in  persons  over  twenty  and  under  thirty  years 
of  age.  The  disease  described  by  Morvan  as  '  paresie  analgesique  a  panaris 
des  extremitessuperieures'  is  a  special  type  of  syringomyelia. 
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The  proliferation  and  excavation  of  the  neuroglia  in  syringomyelia  have 
been  very  differently  interpreted  by  different  writers.  Leyden  considers  the 
formation  of  cavities,  which  he  attributes  to  abstriction  of  parts  of  the  central 
canal,  as  the  primary  feature,  and  the  hyperplasia  of  the  neuroglia. as  second- 
ary to  this.  Simon,  Hoffmann,  We8tphal,  Schultze,  with  others,  consider 
the  central  gliosis  as  primary,  the  cavities  being  formed  by  disintegration  of 
the  new  tissue.  The  monograph  of  Schlesinger,  cited  below,  gives  a  com- 
plete summary  of  the  literature  of  the  subject,  together  with  elaborate  re- 
searches of  his  own. 
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AsMUS  :  Illustrations  Bibliotheca  med.  chirurgica  part  i  Cassel  1893 

Baumler  :  Excavation  of  the  cord  D.  A.  f.  klin.  Med.  xl  1887 

Blocq  :  Syringomyelia  Brain  xiii  1890 

Bramwell  :  Excavation  in  myelitis  Edinburgh,  med.  -chir.  Trans.  1893-94 

Bruhl  :  Syringomyelia  These  Paris  1890 

Chiari  :  Pathogenesis  of  syringomyelia  Prager  Z.  /.  Heilk.  ix  1888 

Cramer  :  Summary  of  researches  for  1891  Cent.  f.  allg.  Path,  iii  1892 

Curschmann  :  Affections  of  the  hands  and  joints  Clinische  AbbUdungen  plates 

17-23  Berlin  1894 
Furstner  and  Zacher  :  Cavities  in  the  cord  A./.  Psych,  xiv  1883 
Gaupp  :  Morbid  anatomy  of  the  cord  Ziegler's  Beitrage  ii  1888  (p.  510) 
Harris  :  Syringomyelia  Brain  viii  1886 
Hoffmann  :   Volkmann's  klin.  Vortrage  20  1891 
JoFFROY  and  Achard:  Excavating  myelitis  A.  de  physiol.  1887;   Morvan's 

disease  with  autopsy^,  de  med.  exp.  ii  1890;  Non-gliomatous  syringomyelia 

ibidem  iii  1891 
Kahler  and  Pick  :  Syringomyelia  and  hydromyelia  Prager  Vierteljahrsschrift 

hew  series  ii  1879,  A.f.  Psych,  viii  1878 
KiBWLicz :  Case  of  transverse  myelitis,  syringomyelia,  multiple  sclerosis,  and 

secondary  degenerations  A .  f.  Psych,  xx  1889 
Krauss  :  Case  of  syringomyelia  V.  A.  101 1885 

Kronthal  :  Pathology  of  excavation  of  the  cord  Neurol.  Cent,  viii  1889 
Langhans  :  Excavation  from  venous  engorgement  V.  A.  85  1882 
Leyden:  Hydromyelia  and  syringomyelia  F.  -4.  68  1876 
Minor  :  Central  haematomyelia  A .  f.  Psych,  xxiv  1892 
MiuRA :  Excavation  of  the  cord  V.  A.  117  1889 ;  Glioma  and  syringomyelia 

Ziegler's  Beitrage  xi  1891 
MoRVAN  I  Gaz.  hebdom.  1883, 1886,  1887,  1889 
O'Carroll:  Hydromyelia  Trans.  Acad.  Med.  Ireland  ix  1890 
Eedlich  :  Morbid  anatomy  Prager  Z.  f.  Heilk.  xii  1891 
Roth  l  Diffuse  glioma,  syringomyelia,  and  amyotrophy  A.  de  physiol.  vl878 
ScHAFFBR   and   Preisz:  Hydromyelia  and  syringomyelia  A.  f.  Psych,  xxiii 

1891 
Schlesinger  :    Die  Syringomyelic  Vienna  and  Leipzig  1895  (with  fuU  refer- 
ences) 
Schultze :  Fissures,  cavities,  and   glioraata  of  the  cord  V.  A.  87  1882,  102 

1885,  and  Z.f.  klin.  Med.  xiii  1888 
Simon  :  Syringomyelia  and  new-growth  in  the  cord  A.f.  Psych,  v  1875 
Souza-Martin  :  Leprous  excavation  Semaine  med.  no.  20  1894 
Thomson  :  Arthropathies  Edinburgh  Hasp.  Reports  ir  1894 
Westphal  :  Excavation  and  neoplasm  of  the  cord  with  affection  of  the  medulla 

oblongata  A .  f.  Psych,  v  1875,  Brain  vi  1883 
Wichmann  :  Geschwulst-  und  Hohlenbildung  im  Riickenmark  Stuttgart  1887 


AKT.  96] 


MULTIPLE  SCLEROSIS 


353 


CHAPTER   XXXII 


MULTIPLE  SCLEROSIS 


96.  Multiple  or  disseminated  sclerosis,  sometimes  also 
called  insular  sclerosis,  is  an  affection  extending  over  the  whole 
cord,  and  often  over  the  brain  also,  which  is  characterised  by  the 
formation  of  a  number  of  scattered  grey  patches  in  the  nerve- 
tissue.  In  the  spinal  cord  these  lesions  may  be  situated  at  any 
point  of  the  white  columns  (Figs.  196,  197,  and  198)  or  of 
the  grey  matter;  and  they  show  no  preference  for  any  special 
region  of  the  medulla  oblongata,  of  the  pons,  or  of  the  cere- 
bellum. Within  the  cerebrum,  in  some  cases,  the  tissue  adjacent 
to  the  lateral  ventricles  is  notably  affected ;  but  the  lesions  are 
also  found  dispersed  throughout  the  whole  of  the  cerebral  hemi- 
spheres, and  sometimes  involve  the  optic  and  olfactory  nerves, 
and  the  roots  of  the  other  cerebral  nerves. 


Fia.  198. 


Fig.  196. 


Diagrams  of  multiple  sclerosis  (X  3). 

Fig.  196.    Cervical  region.  Fig.  197.    Thoracic  region 

sclerotic  patches  in  tlie  lateral  column 

and  left  intermedio-lateral  tract 
sclerotic  patch  in  the  posterior  columns 


a    sclerotic  patches 
Fig.  198.    Lumbar  region. 


a    sclerotic  patches 

The  affected  patches  are  sometimes  small,  of  about  the  size  of 
a  pin's  head,  and  sometimes  larger,  the  diameter  of  the  cross- 
section  measuring  several  centimetres.  The  roof  of  the  lateral 
ventricles  over  its  whole  extent  has  sometimes  been  found  trans- 
formed into  a  grey  stratum  several  millimetres  in  thickness  and 
one  or  two  centimetres  in  breadth. 

In  some  cases  the  patches  on  section  appear  of  a  uniform  grey 
colour,  firm  and  dry  in  texture,  and  sharply  defined  from  the  sur- 
2a 
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rounding  tissue.     In  other  cases  they  are  less  firm  in  consistence, 
the  section  of  some  at  least  is  mottled  with  grey  and  white,  and  the 


Fig.  199.    Multiple  (secondary)  sclerosis. 

(Sclerotic  patch  from  the  posterior  column :  preparation  hardened  in  Miller's  fluid, 
stained  by  Malloby's  method,  and  mounted  in  Canada  balsam ;  x  500) 

a    neuroglia-eells    with    numerous    pro-      b    sclerotic  tissue  with  neurogliar  fibres 
cesses  in  cross-section 


boundaries  are  less  sharp.  Whitish  patches  occur  as  well  as  the 
grey  ones,  and  degeneration  of  the  tracts  of  the  cord  is  occasion- 
ally found  accompanying  the  sclerosis. 

Patches  which  lie  just  underneath  the  pia  mater  or  ependyma 

can  be  recognised  without  the  aid 
of  the  microscope  by  their  grey 
colour.  When  the  cord  contains 
very  numerous  sclerotic  patches  and 
degenerate  tracts,  on  transverse  sec- 
tion the  diseased  portions  may  in 
aggregate  area  greatly  exceed  the 
normal  tissue,  the  latter  being  lim- 
ited to  a  few  small  remnants. 

The  grey  patches  are  of  two 
types  as  regards  structure,  the  first 
containing  sclerotic  tissue  enclosing 
spaces  vacated  by  nerve-fibres,  and 
almost  or  altogether  devoid  of  such 
fibres  (Fig.  199);  while  the  second 
type  consists  of  dense  continuous 
tissue  without  tubular  nerve-spaces 
(Fig.  200  b  on  the  left),  together 
with    some    tissue    still    including 


Fig.  200. 


Multiple  (primary) 
sclerosis. 
(Marginal  portion   of  the   sclerotic 
tissue  from  the  posterior  column 
of  Fig.  190  6  .■  preparation  hard- 
ened   in    Miiller's    fluid,     and 
stained  with  carmine  :  x  300) 
a    transverse  section  of  nerve-fibres 
b    neuroglia-cells        c    blood-vessel 
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nerve-fibres  (a).  The  softer  mottled  patches  always  show  signs 
of  the  disintegration  of  the  nerve-fibres,  namely  drops  of  myelin 
and  fat,  degenerate  fatty  cells  (Fig.  201  e),  and  fat-granule 
cells  (h^  Aj). 

The  neuroglia  is  more  or  less  abundantly  developed,  and  in 
some  parts  may  already  exhibit  the  condition  of  marked  sclerosis 
(/^).  Degeneration  of  the  vessels  is  often  apparent  at  the  same 
time,  chiefly  in  the  form  of  hyaline  thickening  of  their  walls  ;  and 
accumulations  of  round-cells  are  visible  in  and  about  the  adventi- 
tial lymph-sheaths  of  the  vessels  (Ji). 


Fig.  201.    Disskminated  sclekosis  of  the  brain. 

{Patch  of  degeneration  in  the  cerebrum,  with  hyperplasia  of  the  neuroglia :  teased 
preparation,  treated  with  perosmic  acid :  x  200) 


blood-vessel  filled  with  blood 
tunica  media 
adventitial  lymph-sheath 
unaltered  neuroglia-cells 
fatty  neuroglia-cells 
binuclear  neuroglia-cells 


g    sclerotic  tissue 

h    round-cells 

Ai  round-cells  with  scattered  oil-globules 

h^  fat-granule  cells 

ftg  pigment-granule  cells 


From  a  histological  point  of  view  two  different  forms  of 
multiple  sclerosis  may  be  distinguished.  The  first  might  be 
described  as  secondary  disseminated  sclerosis  (Figs.  199  and  201), 
and  is  the  outcome  of  disseminated  myelitis,  in  other  words,  of 
scattered  foci  of  degeneration  or  inflammation.  The  other  vari- 
ety, which,  might  be  called  primary  disseminated  sclerosis  (Figs. 
196,  197,  198,  and  200),  starts  in  morbid  hyperplasia  of  the 
neuroglia,  such  as  occurs  in  syringomyelia  (Art.  95),  and  is  prob- 
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ably  referable  to  some  anomaly  of  development.  This  form  is 
most  frequently  met  with  in  the  posterior  columns  (Fig.  196)  and 
in  the  parts  about  the  cerebral  ventricles.  The  sclerotic  tissue  is 
close  and  dense,  with  no  visible  spaces  or  meshes,  and  is  found 
within  tracts  (Fig.  200  a)  that  show  no  other  signs  of  degenera- 
tion. 
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CHAPTER  XXXIII 

NEURONIC   OR  SYSTEMIC   AFFECTIONS 

97.  It  has  already  been  pointed  out  (Art.  88)  that  the  ner- 
Tous  components  of  the  spinal  cord  and  medulla  oblongata  consist 
of  ganglion-cells  and  nerve-fibres,  and  that  the  latter  are  nothing 
more  than  processes  of  the  nerve-cells  which,  after  a  longer  or  a 
shorter  course,  give  off  lateral  and  terminal  branches.  The  nerve- 
fibres  enter  into  relation  with  special  terminal  organs  or  with 
other  nerve-cells,  and  so  subserve  the  transmission  of  definite 
impulses  from  these  cells  or  organs  to  other  parts  that  are  sus- 
ceptible of  stimulation. 

The  nerve-cell  with  its  short  dendritic  processes,  in  combina- 
tion with  the  long  polar  or  axis-cylinder  process  and  its  lateral 
and  terminal  branches,  form  a  morphological  and  physiological 
unit,  or  neuron,  whose  trophic  centre  is  the  nucleated  protoplasm 
of  the  nerve-cell.  "When  an  axis-cylinder  process  is  separated 
from  its  cell  it  straightway  perishes  (Art.  92). 

The  neurons  whose  situation,  general  course,  and  function  are 
best  known  are  the  motor  neurons.  Their  cells  are  situated  in 
the  psycho-motor  regions  of  the  cerebral  cortex,  in  the  motor 
nuclei  of  the  medulla  oblongata,  and  in  the  anterior  horns  of  the 
cord;  their  axis-cylinder  processes  run  in  the  pyramidal  tracts, 
the  anterior  roots,  and  the  peripheral  motor  nerves.  Of  the  sen- 
sory neurons  we  know  that  their  ganglion-cells  lie  in  the  spinal 
root-ganglia,  while  their  axis-cylinder  processes  on  the  one  hand 
pursue  their  course  to  the  terminal  organs  along  the  peripheral 
sensory  nerves,  and  on  the  other  pass  through  the  posterior  roots 
and  the  posterior  columns  to  the  brain. 

The  diseases  of  the  motor  and  of  the  sensory  neurons  of  the 
cord,  hitherto  by  most  writers  described  as  systemic  diseases, 
are  characterised  by  peculiar  clinical  symptoms,  which  even  dur- 
ing the  life  of  the  patient  enable  us  to  form  a  diagnosis  as  to  the 
seat  of  the  malady.  Thus  long  before  the  minuter  structure 
of  the  cord  was  properly  understood,  certain  of  its  systemic  dis- 
eases, having  well-marked  clinical  and  anatomical  characters,  were 
recognised  and  distinguished. 

The  most  important  disease  affecting  the  sensory  neurons  in 
the  cord  is  tabes  dorsalis.  Among  the  special  forms  of  disease 
occurring  in  the  course  of  the  motor  neurons  are  acute  anterior 
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poliomyelitis,  acute  bulbar  paralysis,  progressive  atrophy  of  the 
anterior  horns  or  progressive  spinal  amyotrophy,  progressive 
bulbar  paralysis,  amyotrophic  lateral  sclerosis,  and  primary  lateral 
sclerosis  or  spastic  spinal  paralysis. 

98.  Tabes  dorsalis,  sometimes  also  called  grey  degeneration 
or  sclerosis  of  the  posterior  columns,  or  locomotor  ataxia,  is  his- 
tologically a  degeneration  of  the  sensory  neurons.  The  degenera- 
tion is  most  marked  in  the  region  of  the  posterior  roots  (Leyden) 
and  of  the  posterior  columns,  but  is  demonstrable  also  in  the 
peripheral  sensory  nerves  (Dejbrine,  Oppenheim,  Siemeeling, 
Westphal,  Goldscheidee)  and  in  the  nerve-cells  of  the  spinal 
root-ganglia  ("Wollenbeeg,  Steoebb). 

The  malady  begins  most  frequently  in  the  lumbar  cord,  and  is 
first  manifested  in  the  posterior  roots  or  horns  and  in  the  immedi- 
ately adjoining  portions  of  the  columns  of  Burdach.  Presently, 
in  the  higher  levels  of  the  cord,  the  median  portions  of  the  columns 
of  GoU  also  become  involved,  ascending  degeneration  very  soon 
following  upon  the  interruption  of  the  nerve-fibres  at  any  point. 
If  the  process  begins,  as  happens  in  rare  cases,  in  the  cervical  por- 
tion, similar  lesions  appear  in  that  region,  while  in  the  thoracic 
and  lumbar  regions  little  or  no  degeneration  can  at  first  be  de- 
tected. The  situation  of  the  fibres  that  first  undergo  degeneration 
in  the  posterior  columns  depends  mainly  on  what  roots  are  first 
affected,  and  at  what  height  above  the  degenerate  roots  the  section 
examined  is  taken. 

In  advanced  tabes  the  degeneration  and  sclerosis  often  spread, 
in  the  thoracic  region,  over  the  whole  extent  of  the  posterior 
columns  (Fig.  202).  In  the  lumbar  region  the  most  anterior 
parts  of  the  posterior  columns  almost  always  remain  intact.  In 
the  cervical  cord  two  lateral  portions  in  the  most  anterior  part  of 
the  posterior  column  are  spared,  or  are  at  most  but  slightly 
affected.  The  morbid  changes,  if  the  degeneration  is  not 
already  universal,  are  usually  most  marked  in  the  lumbar  and 
thoracic  regions ;  but  cases  occur  in  which  the  cervical  region 
is  that  most  affected.  The  degeneration  ascends  within  the 
funiculus  gracilis  to  beyond  the  obex  of  the  calamus  scriptorius, 
and  ceases  about  the  level  of  the  striae  acusticae. 

When  the  degeneration  of  the  posterior  columns  is  extreme, 
they  appear  grey  or  greyish-red,  even  on  the  exterior  of  the  cord; 
in  transverse  section  the  tissue  looks  uniformly  grey  and  translu- 
cent. At  the  same  time  the  depth  and  width  of  the  posterior 
columns  are  more  or  less  diminished.  The  posterior  roots  also 
look  grey  and  atrophic. 

Within  the  grey  matter  the  fibres  entering  the  posterior  horns, 
and  those  of  the  column  of  Clarke  that  originate  in  the  posterior 
roots,  become  degenerate.  In  rare  cases  some  of  the  ganglion- 
cells  of  the  grey  matter  atrophy  and  disappear. 

Not  infrequently  grey  patches  are  found  in  the  optic,  oculo- 
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motor,  and  trifacial  nerves,  as  well  as  in  the  substance  of  the 
brain.  The  spinal  nerves  are  those  which  are  most  apt  to  be 
degenerate  and  atrophic,  though  the  cerebral  nerves  are  sometimes 
affected  also  (Oppenheim).  The  spinal  root-ganglia  have  until 
recently  been  but  little  examined,  but  according  to  Wollenberg 
and  Stroebb  degenerative  changes  can  also  be  recognised  in 
them. 

The  most  prominent  feature  in  tabes  is  the  progressive  disinte- 
gration of  the  parts  of  the  sensory  neurons  situate  in  the  posterior 
roots,  the  posterior  horns,  and  the  posterior  columns,  the  process 
generally  lasting  for  several  years,  and  in  particular  cases  even 
for  decades.  In  its  earlier  stages  the  disease  is  characterised  by 
symptoms  of  sensory  irritation,  lightning  pains,  formication,  and 
a  sense  of  constriction  round  the  waist,  together  with  loss  of  the 
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Fig.  202.    Tabes  dorsalis  in  an  advanced  stage. 

{Total  degeneration  and  sclerosis  of  the  posterior  columns,  and  atrophy  of  the  posterior 
roots  of  the  cord :  section  in  the  thoracic  region  :  x  5) 

a  column  of  Burdach  6  column  of  GoU  c  atrophic  posterior  roots 

Fig.  203.    Tbansvekse  section  of  the  posteeiob  white  columns  in  tabes 

dorsalis. 

{Preparation  hardened  in  MUller's  fluid,  stained  with  haematoxj/lin,  carmine,  atidper- 
osmic  acid,  and  mounted  in  glycerine :  x  200) 

a    cross-section  of  normal  nerve-fibres  of  d    blood-vessel 

different  thicknesses  e  granule-cells  inside  the  lymph-sheath  of 
6    granule-cells  the  blood-vessel  d 

c    nucleated  reticular  neuroglia 

patellar  reflex,  insensibility  of  the  pupil  to  luminous  impressions, 
diplopia,  amblyopia,  and  gastric  disturbance  (gastric  crises).  At 
a  later  stage  disorders  of  gait  (ataxia),  diminished  sensibility  to 
touch  and  pain,  loss  of  the  muscular  sense,  difficulty  of  micturi- 
tion, and  lastly  paralysis  of  the  legs,  are  the  ordinary  symptoms. 

Fat-granule  cells  make  their  appearance  in  the  tubular  spaces 
left  vacant  by  the  atrophy  of  nerve-fibres  (Fig.  203  6)  and  in  the 
lymph-sheaths  of  the  vessels  (e),  so  long  as  the  destruction  of  the 
nerve-fibres  continues  in  the  posterior  columns.  Proliferation  of 
the  neuroglia  ensues  in  the  region  of  degeneration,  resulting  in 
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sclerosis  (Fig.  203  c),  by  which  the  vacant  nerve-spaces  are  con- 
tracted and  more  or  less  obliterated.  Usually  some  nerve-fibres 
are  still  preserved,  even  in  advanced  cases  (Fig.  203  a)  ;  but 
places  may  be  found  in  the  posterior  columns  that  are  entirely 
devoid  of  nerve-fibres. 

The  starting-point  of  the  degeneration  in  tabes  has  not  as  yet 
been  definitely  made  out.  The  most  natural  supposition  is  that 
the  cells  of  the  spinal  root-ganglia  are  the  first  to  degenerate,  and 
that  the  changes  in  the  posterior  roots  and  columns,  as  well  as 
in  the  peripheral  nerves,  are  of  the  nature  of  secondary  degenera- 
tions. 

The  researches  of  Wollenberg  and  Stkoebe  on  the  root- 
ganglia  point  in  this  direction;  for  Steoebe  was  able  to  show 
that,  in  cases  of  tabes,  shrinking,  abnormal  pigmentation,  vacuola- 
tion,  fragmentation,  nuclear  degeneration,  and  in  the  end  total 
disintegration  took  place  in  the  ganglion-cells,  accompanied  by 
signs  of  proliferation  in  the  connective  tissue.  Of  special  signifi- 
cance is  the  fact  that  Wollenberg  and  Stroebe  discovered  de- 
generative changes  in  the  nerve-cells  even  in  incipient  cases  of 
tabes.  The  recorded  investigations  are,  however,  as  yet  far  too 
few  to  establish  the  above-mentioned  supposition,  and  it  must 
therefore  be  admitted  as  a  possible  view  that  the  degeneration 
may  begin  in  the  central  or  in  the  peripheral  part  of  the  axis- 
cylinder  process  of  the  ganglion-cell.  It  is  conceivable  that  some 
injurious  agent,  present  either  in  the  subarachnoid  liquid  or  in 
the  blood,  may  be  capable  of  exerting  a  degenerative  action  on 
the  sensory  nerve-fibres;  and  the  fact  that,  according  to  TuozEK, 
chronic  ergotin-poisoning  induces  a  degeneration  of  the  posterior 
columns  in  all  points  analogous  to  that  which  constitutes  the  ana- 
tomical lesion  in  tabes,  must  be  regarded  as  favourable  to  this 
theory. 

Clinical  observers  mention,  as  predisposing  causes  of  tabes, 
cold,  over-exertion,  sexual  excesses,  etc.  Of  late  Fotjeniee, 
Erb,  Gowers,  and  others  have  maintained  that  more  than  half 
the  cases  are  due  to  syphilis.  If  this  may  be  taken  as  correct, 
we  must  assume  that  syphilitic  infection  gives  rise  to  the  forma- 
tion within  the  organism  of  noxious  products  that  have  a  specifi- 
cally injurious  effect  on  the  sensory  neurons. 

According  to  the  observations  of  Westphal,  Glaus,  and 
others,  degeneration  of  the  posterior  columns  very  often  occurs  in 
persons  who  are  suffering  from  paralytic  dementia. 
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99.  Acute  anterior  poliomyelitis  is  a  peculiar  disease  of 
the  anterior  horns  of  the  spinal  cord,  with  well-defined  clinical 
symptoms.  It  generally  occurs  in  children  (whence  the  term 
infantile  spinal  paralysis  is  applied  to  it),  more  rarely  in  adults. 
In  its  typical  form  it  begins  with  the  symptoms  of  an  infective 
febrile  disorder,  and  after  a  few  days  this  is  associated  with 
unilateral  or  bilateral  motor  paralysis,  sometimes  limited  to  the 
lower  or  upper  limbs,  sometimes  involving  all  the  extremities. 
After  a  certain  time  the  paralysis,  originally  affecting  a  number 
of  muscles,  as  a  rule  passes  away  as  regards  some  of  them  ;  but 
after  this  no  further  recovery  of  power  takes  place  in  the  muscles 
that  remain  paralysed,  and  they  thereupon  become  more  and  more 
atrophic. 

From  the  histological  researches  that  have  so  far  been  made, 
the  disease  would  appear  to  be  of  haematogenous  origin,  and  in 
typical  cases  due  to  an  undiscovered  noxious  agent  acting  like  a 
specific  poison  upon  the  ganglion-cells  of  the  anterior  horns 
(Charcot,  von  Kahlden,  Rissler),  or  in  some  cases  upon  the 
corresponding  motor  nuclei  of  the  medulla  oblongata.  In  severe 
cases  of  the  disease  the  toxic  action  may  be  associated  from  the 
outset  with  inflammatory  exudation  or  with  haemorrhage  at  the 
seat  of  greatest  destruction.  In  atypical  cases,  ending  likewise  in 
motor  paralysis,  the  incipient  morbid  changes  are  not  improbably 
of  the  nature  of  ischaemic  or  haemorrhagic  degeneration  due  to 
alterations  in  the  blood-vessels. 

In  recent  cases  the  ganglion-ceUs  exhibit  various  signs  of 
degeneration,  such  as  granular  and  cloudy  swelling,  vacuolation, 
hyaline  change,  general  disintegration,  and  shrinking. 

After  the  lapse  of  some  months  or  years  the  number  of  gan- 
glion-cells in  the  region  corresponding  to  the  paralysis  is  more  or 
less  diminished,  the  loss  being  sometimes  apparent  over  the  entire 
cross-section  of  the  anterior  horns,  sometimes  only  in  certain 
groups  of  ganglion-cells.  The  number  of  the  ganglion-cells  is 
moreover  found  to  be  somewhat  diminished  in  regions  outside 
that  of  the  persisting  paralysis,  and  in  some  cases  the  diminution 
is  perceptible  over  the  whole  length  of  the  cord. 

The  nerve-fibres  in  the  anterior  roots,  corresponding  to  the 
ganglion-cells  destroyed,  break  down  and  disappear.     Some  of  the 
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fibres  entering  and  leaving  the  grey  matter  likewise  disappear, 
while  others  persist ;  the  surviving  fibres  may  indeed  be  present 
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Fig.  204.  Sclebosis  and  cicatricial  contraction  of  the  left  anterior  horn 
of  the  fourth  cervical  nerve  after  acute  anterior  poliomyelitis. 

{From  a  child  three  and  a  half  years  old,  death  ensuing  eight  months  after  the  commence- 
ment of  the  paralysis :  preparation  hardened  in  Muller's  fluid,  stained  with  neutral 
carmine  solution,  and  mounted  in  Canada  balsam :  x  7) 

a    normal  anterior  horn  with  ganglion-cells       6    atrophic  anterior  horn 


in  considerable  numbers  even  after  great  destruction  of  the 
ganglion-cells  (von  Kahlden).  The  neuroglia  and  the  blood- 
vessels at  times  show  hardly  any  appreciable  change,  and  the 
configuration  of  the  transverse  section  of  the  diseased  horn  devi- 
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Fig.  205.  Gelatinous  degeneration  of  both  anterior  horns  (a)  of  the  lum- 
bar REGION,  WITH  total  LOSS  OF  THE  GANGLION-CELLS  AND  NERVE-FIBRES, 
AFTER  ACUTE  ANTERIOR  POLIOMYELITIS. 

(From  a  man  forty  years  of  age,  death  ensuing  twenty  m,onths  after  commencement  of 
paralysis:  preparation  hardened  in  Muller's  fluid,  stained  with  haematoxylin  and 
carmine :  X  61 
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ates  but  little  from  the  normal.  More  commonly,  however,  ti 
horn  after  the  lapse  of  months  or  years,  at  least  at  the  part  whe 
the  lesion  was  most  intense,  becomes  shrunken  and  sclerotic  (Fi 
204  J),  the  sclerosis  often  radiating  into  the  adjoining  white  ma 
ter.  In  other  cases  again  the  degenerate  portions  of  the  anteri( 
horns  are  not  shrunken,  but  converted  into  a  mass  of  gelatinoi 
tissue  almost  or  altogether  devoid  of  ganglion-cells  and  nerv 
fibres.  This  tissue  is  composed  essentially  of  blood-vessels  an 
loose-meshed  neuroglia  (Fig.  205  a  and  Fig.  188  B'),  while  its  inte: 
stices  contain  liquid,  and  in  recent  cases  detritus  of  nerve-matt( 
and  granule-carrying  cells. 

The  cause  of  the  limitation  of  the  disease  to  the  anterior  hori 
lies  mainly  in  the  fact  that  these  possess  a  special  vascular  suppi] 
independent  of  the  vessels  of  the  white  matter,  in  the  eornui 
arteries  that  enter  the  cord  at  the  bottom  of  the  anterior  fissim 
This  is  not,  however,  sufficient  to  account  for  the  peculiar  distr 
bution  of  the  degeneration  in  typical  cases,  and  we  must  furthe 
assume  that  the  poisonous  matters  which  induce  the  disease  ha\ 
a  selective  or  specific  action  on  the  motor  ganglion-cells. 

In  other  respects  the  disease  is  doubtless  closely  related  to  th 
forms  of  haematogenous  myelitis  that  have  no  special  seat  of  else 
tion  ;  and  indeed  cases  occur  in  which  not  only  the  anterior  bu 
also  the  posterior  horns  show  signs  of  degeneration  (Fig.  191] 
and  others  in  which  both  the  white  and  the  grey  matter  underg 
degeneration  and  inflammation. 
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100.  Progressive  atrophy  of  the  motor  neurons  of  the  anterior 
horns  (in  other  words,  of  the  motor  ganglion-cells  and  peripheral 
nerves)  gives  rise  to  a  disease  whose  characteristic  clinical  symp- 
tom is  wasting  of  certain  muscles ;  this  disease  is  accordingly 
described  as  progressive  spinal  muscular  atrophy,  or  briefly 
as  progressive  amyotrophy. 

The  affection  is  due  essentially  to  progressive  degeneration 
and  atrophy  of  the  large  motor  ganglion-cells;  these,  without 
undergoing  any  notable  change  of  structure,  steadily  diminish  in 
size  (Fig.  184),  while  the  corresponding  motor  nerve-fibres  and 
the  muscles  supplied  by  them  also  waste  in  proportion.  The 
atrophy  begins  most  frequently  in  the  cervical  region,  and  accord- 
ingly the  hand-muscles  (muscles  of  the  thumb,  hypothenar  emi- 
nences, interossei,  and  lumbricales)  are  the  first  to  waste,  and  the 
muscles  of  the  forearm  and  shoulder  follow  later.  Sometimes, 
however,  the  wasting  begins  in  the  lower  limbs  and  ascends. 

Progressive  atrophy  of  the  neurons  whose  cells  are  situate  in 
the  motor  centres  of  the  cerebral  cortex,  or  primary  sclerosis  of 
the  pyramidal  tracts,  is  from  the  nature  of  the  symptoms  gener- 
ally regarded  as  the  anatomical  basis  of  a  form  of  progressive 
motor  paresis  and  paralysis,  combined  with  spasmodic  rigidity  of 
the  muscles,  reflex  spasms  and  contractures,  and  increased  tendon- 
reflexes,  which  is  known  as  spastic  spinal  paralysis,  or  spasmodic 
tabes.  These  symptoms  are,  however,  in  most  cases  really  due 
to  transverse  myelitis,  disseminated  sclerosis,  compression  of  the 
cord,  or  hydromyelia.  Primary  degeneration  limited  to  the  pyra- 
midal tracts  has  as  yet  been  demonstrated  in  but  very  few  cases. 
These  cases  are  nevertheless  sufficient  to  establish  beyond  a  doubt 
the  actual  existence  of  a  neuronic  degeneration  of  this  kind,  and 
all  that  remains  to  be  decided  is  whether  the  primary  lesion  is  a 
degeneration  of  the  axis-cylinders  or  some  morbid  change  in  the 
ganglion-cells. 

On  the  other  hand,  a  combination  of  progressive  degeneration 
of  the  pyramidal  tracts  with  atrophy  of  the  anterior  horns  and  the 
motor  peripheral  nerves  is  not  uncommon,  and  forms  the  anatomi- 
cal basis  of  the  disease  known  as  amyotrophic  lateral  sclerosis. 
Wasting  of  the  muscles  is  a  characteristic  clinical  feature  of  this 
disease,  in  common  with  progressive  spinal  amyotrophy  ;  but  it 
is  distinguishable  from  the  latter  by  the  increased  vigour  of  the 
tendon-reflexes. 

The  ultimate  disappearance  of  the  nerve-cells  of  the  anterior 
horns  takes  place  in  the  same  way  as  in  spinal  amyotrophy,  by 
progressive  diminution  in  size,  ending  at  length  in  the  destruction 
of  the  majority  of  the  cells  (Fig.  206  a).  In  the  region  of  the 
crossed  pyramidal  tracts  (S),  and  in  the  direct  pyramidal  tracts 
also,  provided  all  the  motor  fibres  have  not  decussated,  some  of 
the  fibres  disappear  as  in  the  case  of  tabes,  and  this  in  time  is 
followed  by  sclerotic  induration  of  the  neuroglia  (6). 
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The  process  that  takes  place  in  the  anterior  horns  of  the  cord 
may  likewise  involve  the  motor  nuclei  of  the  medulla  oblongata 
(hypoglossal,  vagus,  accessory,  facial,  and  glossopharyngeal),  and 
lead  to  progressive  wasting  of  the  muscles  innervated  by  them. 
The  disease  thereby  occasioned  is  known  as  progressive  bulbar 
paralysis  or  glosso-labio-laryngeal  paralysis,  and  it  may  be  ac- 
companied by  degeneration  of  the  pyramidal  tracts,  or  exist  as  an 
independent  malady. 

The  cause  of  progressive  atrophy  of  the  motor  neurons  is  still 
obscure,  and  we  do  not  know  whether  the  first  perceptible  changes 
occur  in  the  axis-cylinder  processes  or  in  the  cells  themselves.  In 
degeneration  of  the  pyramidal  tracts  the  atrophic  process  has  been 
traced  upwards  to  the  cerebrum,  and  simultaneous  wasting  of  the 


Fig.  206.    Amyotrophic  lateral  sclerosis. 
( Transverse  section  through  the  cervical  portion  of  the  cord :  x  10) 
a    anterior    horns    whose   ganglion-cells      6    diseased  part  of  the  lateral  columns  cor- 
have  in  great  part  disappeared  responding  to  the  total  decussation  of 

the  pyramidal  tracts 

ganglion-cells  of  the  cerebral  cortex  in  the  central  gyri  (Chae- 
COT,  Makie)  has  in  some  cases  been  recorded;  but  it  has  not 
been  determined  how  far  the  atrophy  of  the  nerve-fibres  corre- 
sponds to  that  of  the  ganglion-cells  of  the  cortex.  It  is  worthy 
of  note  that  in  progressive  paralytic  dementia,  in  which  the  cere- 
bral cortex  undergoes  atrophy,  degeneration  of  the  pyramidal 
tracts  is  a  frequent  concomitant. 

So  far  as  our  present  knowledge  extends,  it  is  probable  that 
the  morbific  agent,  whatever  it  be,  exerts  its  influence  in  some 
cases  on  the  nerve-cells  and  in  others  on  the  axis-cylinder  pro- 
cesses, the  peripheral  portion  of  the  fibres  thereupon  undergoing 
degeneration  throughout  their  entire  length.     The  morbific  agent 
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is  probably  some  toxic  substance  elaborated  within  the  body  (per- 
haps in  the  course  of  an  infective  disease)  or  introduced  from 
without.  According  to  Marie,  Proust,  and  others,  the  use  of 
the  chick-pea  (^Lathyrus  eioera)  in  food  causes  degeneration  of  the 
motor  neurons.  In  certain  cases  there  is  probably  also  some 
hereditary  or  congenital  disposition  to  disease  of  particular  neu- 
rons or  groups  of  neurons  (Art.  101). 

References  on  Progressive  Spinal  Amyotrophy,  Amyotrophic  Lateral 
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Stkumpell:  Spinal  muscular  atrophy  and  amyotrophic  lateral  sclerosis  D.  A. 
f.  klin.  Med.  xlii  1887;  Spastic  spinal  paralysis  A.  f.  Psych,  xvi  1886; 
Progressive  muscular  atrophy  Z.  f.  Nervenheilk.  iii  1893 ;  Primary  sys- 
temic degeneration  of  the  pyramidal  tracts  Z.  f.  Nervenheilk.  v  1894 

Suckling  :  Combined  disease  of  posterior  and  lateral  tracts  Lancet  1 1886 

ViERORDT  :  Combined  degeneration  of  the  anterior  horns  and  lateral  columns 
A.  f.  Psych.  XIV  1883 

Werdnig  :  Early  infantile  progressive  spinal  amyotrophy  A.  f.  Psych,  xxvi 
1894  (with  references) 

Westphal:  Disease  of  the  spinal  cord  in  progressive  paralysis  F.  ^.  39  1867 
and  40  1867 ;  Combined  diseases  of  the  columns  of  the  cord  A .  f.  Psych 
IX  1879  ;  Amyotrophic  lateral  sclerosis  A.f.  Psych,  xvii  1886 

Worms  :  Progressive  muscular  atrophy  with  glosso-labio-laryngeal  paralysis 
A.  dephysiol.  1877 


101.  In  addition  to  the  forms  of  degeneration  just  described, 
which  aifect  functionally-related  neurons,  we  not  infrequently 
meet  with  cases  wherein  various  functionally-independent  groups 
of  neurons  are  involved.  The  affections  thus  induced  have  hitherto 
been  commonly  described  as  combined  systemic  diseases.  For 
example,  along  with  degeneration  of  the  sensory  fibres  of  the 
posterior  columns,  degeneration  of  the  pyramidal  tracts  (Fig.  207 


Fig.  208. 


Pig.  207. 


Fig.  207.    Degbneeation  and  sclerosis  op  the  column  of  Bttrdach  (o),  of  the 

COLUMN  op  GolL  (6),  AND  OP  THE  CROSSED  PYRAMIDAL  TRACTS  (d). 

(Section  through  the  uppermost  part  of  the  lumbar  region  of  the  cord :  X  5) 
c    atrophic  posterior  roots 

Fig.  208.    Combination  op  sclerosis  of  the  posterior  columns  with  marginal 

sclerosis. 
{Transverse  section  through  the  cervical  portion  of  the  cord :  x  5) 

k    marginal  sclerosis  (direct  cerebellar 
tract) 


column  of  Burdach 
column  ol  GoU 


abd},  alone  or  in  combination  with  the  direct  cerebellar  tracts 
(Fig.  208  A)  whose  nerve-cells  lie  in  the  vesicular  column  of 
Clarke,  is  occasionally  met  with;  and  the  clinical  symptoms  cor- 
responding to  the  several  sets  of  degenerations  are  then  mani- 
fested simultaneously.      In  the  malady  known  as  Friedreich's 
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disease,  or  hereditary  ataxia,  which  seems  to  be  referable  to  a 
particular  congenital  and  hereditary  predisposition,  the  crossed 
pyramidal  and  the  direct  cerebellar  tracts  are  diseased,  along  with 
the  columns  of  GoU  and  Burdach.  Again,  degeneration  of  the 
great  sensory  and  motor  neurons  and  neuronic  systems  is  some- 
times combined  with  a  like  disease  of  the  commissural-cells  and 
of  the  tract-cells  that  send  their  processes  into  the  antero-lateral 
columns,  and  this  gives  rise  to  the  appearance  of  systemic  or  tract- 
like degeneration  in  the  affected  regions. 

References  on  Combined  Systemic  Degenerations. 

Arnold:  Combined  diseases  of  the  tracts  V.  A.  127  1892 

Blocq  and  Marinesco  :  Morbid  anatomy  of  Friedreich's  disease  A.  de  neurol. 

1890 
Braun  :  Peculiar  case  of  combined  systemic  disease  of  the  cord  and  peripheral 

nerves  D.  A.f.  klin.  Med.  xlii  1888 
Bury  :  Hereditary  ataxia  Brain  viii  1886  (with  summary  of  cases) 
Dreschfeld:   Friedreich's  disease  Manchester  and  Liverpool  med.  and  surg. 

Reports  iv  1876 
Friedreich:  Ataxia  V.  A.  26,  27,  68  1876,  and  70  1877 
GooDHART :  Hereditary  ataxia  Trans.  Clin.  Soc.  xxi  London  1888 
Kahler  and  Pick:  Combined  systemic  diseases  A.f.  Psych,  viii  1878 
Monro,  T.  K.  :    Chronic  degenerative  diseases  of  the  central  nervous  system  Glas- 
gow 1895  (with  historical  references) 
Ormerod  :  Summary  of  literature  on  Friedriech's  disease  Brain  vii  1885 
Putnam  :  A  group  of  cases  of  systemic  sclerosis  of  the  spinal  cord  associated 

with  diffuse  collateral  degeneration  Journ.  of  Nerv.  and  Mental  Disease 

XVI 1891 
RuTiMEYER :  Hereditary  ataxia  F.  ^ .  91 1883  and  110  1887 
ScHMAUs  :  Degeneration  of  the  lateral  columns  in  tabes  dorsalis  D.  A.f.  klin. 

Med.  XLVi  1890 
ScHULTZE  :  Morbid  anatomy  of  Friedreich's  disease  Z.f.  Nervenheilk.  v  1893 
StrtJmpell  :  Combined  systemic  diseases  A .  f  Psych,  xi  1881,  xvii  1886 
Westphal  -.A.f.  Psych,  v,  viii,  and  ix  1879 ;   V.  A.^9  and  40  1867 
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CHAPTER   XXXIV 
INFECTIVE  GRANULOMATA  AND  TUMOCJKS  OF  THE  CORD 

102.  Tuberculosis  of  the  spinal  cord  occurs  in  three  different 
forms.  In  the  first  place,  single  nodes,  or  even  a  solitary  node, 
may  be  formed  in  the  substance  of  the  cord,  consisting  of  a  central 
cheesy  mass,  sometimes  enclosing  a  small  cavity  due  to  disintegra- 
tion, with  a  marginal  zone  of  grey  somewhat  translucent  granula- 
tion-tissue. The  nodes  are  sometimes  as  large  as  a  hazel-nut,  and 
induce  more  or  less  extensive  degeneration  of  the  nerve-substance, 
followed  by  secondary  degeneration  of  the  tracts.  Large  nodes 
interrupt  entirely  the  continuity  of  the  nerve-fibres.  Secondary 
tubercles,  due  to  lymphatic  absorption,  appear  sooner  or  later  in 
the  pia  mater  near  the  affected  region ;  and,  according  to  an 
observation  of  Obolonsky,  the  tuberculous  infection  may  spread 
by  way  of  the  central  canal,  so  that  new  tubercles  develope  at 
a  distance  from  the  original  caseous  node. 

The  second  most  common  form  of  tuberculosis  of  the  cord 
arises  by  extension  from  the  meninges;  it  is  a  tuberculous 
meningo-myelitis,  in  which  aggregations  of  cells  and  tubercles 
develope  round  the  vessels  that  enter  the  cord  (Fig.  209).  The 
tracts  of  nerve-fibres  show  manifold  signs  of  degeneration,  and  in 
particular  disintegration  of  the  medullary  sheaths  arid  swelling 
of  the  axis-cylinders  (i). 

The  third  form  is  that  of  disseminated  tuberculosis  of  the  cord, 
independent  of  meningeal  tuberculosis.  In  this  form,  typical 
tubercles  and  circumvascular  accumulations  of  cells  make  their 
appearance  both  in  the  white  and  in  the  grey  matter,  and  by  dis- 
turbing the  circulation  and  nutrition  of  the  tissue  give  rise  to 
numerous  patches  of  local  degeneration,  as  well  as  to  secondary 
degeneration  of  the  tracts. 

The  smallest  tubercles  are  scarcely  visible  by  the  naked  eye ; 
the  larger  ones  form  grey  and  caseous  nodes,  which  generally 
exhibit  the  characters  of  white  softening. 

Syphilitic  affections  of  the  cord  start  as  a  rule  in  the  mem- 
branes, and  are  thus  of  the  nature  of  meningitis  and  meningo- 
myelitis  (Art.  104)  ;  syphilitic  disease  of  the  vessels  may  how- 
ever give  rise  to  degeneration  and  inflammation  (syphihtic 
myelitis)  in  the  interior  of  the  cord.  As  has  been  already  re- 
marked, syphilis  is  said  to  be  capable  of  causing  extensive  chronic 
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degenerative  changes,  such  as,  for  example,  the  characteristic  scle- 
rosis of  the  posterior  columns  in  tabes  dorsalis. 

In  leprosy  of  the  nerves  (lepra  anaesthetica)  the  spinal  cord 
is  in  certain  cases  also  involved.  In  some  instances  the  affection 
is  discoverable  only  by  histological  examination,  and  is  manifested 
by  degeneration  and  atrophy  of  the  nerve-elements,  and  of  the 
ganglion-cells  in  particular  (Tschiejew).  In  other  cases  patches 
of  softening  and  haemorrhagic  infiltration  are  formed,  and  the  mi- 
croscope discloses  in  them  disintegration  of  the  nervous  substance, 
extravasations  of  blood,  and  inflammatory  exudations.  According 
to  the  researches  of  Stjdakewitsch,  made  chiefly  upon  the  Gas- 
serian  ganglion  and  on  the  spinal  root-ganglia,  the  bacilli  of  lep- 
rosy enter  the  nerve-cells,  and  cause  vacuolation  and  destruction 
of  their  protoplasm.  Chassiotis  found  large  numbers  of  the 
bacilli  of  leprosy  in  the  neurogliar  tissue  of  the  grey  and  vrhite 
matter,  but  failed  to  find  them  in  the  ganglion-cells. 

References  on  Tuberculosis  of  the  Cord. 

GuARNERi :  A.  per  le  scienze  med.  ii 

GuNSSER :  Tuberculosis  of  the  cord  Inaug.  Diss.  Tubingen  1890 

Hayem:  a.  dephysiol.  1873 

Junker  :  Tubercle  in  the  grey  matter  Z.  f.  klin.  Med.  1 1879 

KoHTS :  Tumours  of   the  spinal  cord  Gerhardt's  Handb.  der  Kinaerh-ankheiten 

1880 ;   Wien.  med.  Blatter  1885 
Leyden  :  Klinik  der  Ruckenmarkskrankheiten  Berlin  1874 
LiONViLLE :   Tuberculous   cerebro-spinal  meningitis  A .  de  physiol.  iii   1870 ; 

Progres  med.  1874 
Obolonsky:  Spread  of  tuberculosis  by  the  central  canal  Prager  Z.f.  Heilk.  ix 

1888 
Sachs  :  Solitary  tubercle  of  the  cervical  cord  Neurol.  Cent.  1887 
ScHULTZE :  Tuberculosis  of  the  cerebro-spinal  nervous  system  D.  A./,  klin. 

Med.  XXV  1879 
ViRCHOW :  Die  kranhhaften  Geschwiilste 
Williams  :  The  spinal  cord  and  its  membranes  in  tuberculous  and  purulent 

basilar  meningitis  D.  A.f.  klin.  Med.  xxv  1880 
ZuNKER :  Tuberculosis  in  the  grey  matter  Z.  f.  klin.  Med.  1 1879 

References  on  Syphilitic  Degeneration  of  the  Oord. 

Boettiger:  A.f.  Psych,  xxvi  1894  (with  references) 
Greipf:  A.f.  Psych,  xii  1882 

RuMPP  :  Die  syphilitischen  Erkrankungen  des  Nervensystems  Wiesbaden  1887 
ScHMAUs  :  D.  A.f.  klin.  Med.  xliv  1889 

Westphal  :  The  relation  of  syphilis  to  tabes  A.  f.  Psych,  xi  1881 
Williamson  :  Qhanges  in  the  spinal  cord  in  a  case  of  syphilitic  paraplegia 
Med.  Chronicle  xiv  Manchester  1891 

References  on  Leprosy  of  the  Qord. 

Chassiotis  :  Bacilli  in  the  cord  in  anaesthetic  leprosy  Monatsh.  f.prakt.  Dermat. 

VI  1887 
Banielssen  and  Boeck  :  Traite  de  la  spe'dalsked  Paris  1848 
Langhans:  Anaesthetic  leprosy  V.  A.  6i  1875 
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LooFT :  Morbid  anatomy  of  anaesthetic  leprosy  V.  A.  128  1892 
SxEUDENER  :  Puthologie  der  Lepra  mutilans  Erlangen  1867 
SuDAKEWiTSCH :  Morbid  anatomy  of  leprosy  Ziegler's  Beitrage  ii  1888 
Thoma  :  Lepra  arabum  V.  A.&J  1873 

TscHiRjEW :  Lesions  of  the  cord  in  a  case  of  anaesthetic  leprosy  A.  de  physi 
VI  1879 

103.  Among  the  tumours  of  the  spinal  cord  the  gliomat 
are  the  only  ones  that  occur  with  any  frequency.  They  usuall 
form  elongated  growths,  situated  chiefly  about  the  central  eani 
or  behind  it.  They  consist  of  dense  or  sometimes  of  delicaf 
and  gelatinous  neurogliar  tissue,  and  often  enclose  cavities,  givin 
rise  to  the  conditions  of  hydromyelia  and  syringomyelia  (Arl 
95).  That  in  many  cases  they  are  the  result  of  anomalies  of  df 
velopment  is  beyond  question.  At  times  they  are  highly  vascula: 
and  are  then  distinguished  by  the  special  name  of  telangiectati 
gliomata. 

Fibromata,  sarcomata,  gliosarcomata,  and  angiosarcomata  ar 
but  rarely  met  with  in  the  cord ;  multiple  fibromata  may,  how 
ever,  appear  in  it  in  cases  of  general  fibromatosis  of  the  periphera 
nerves.  The  growths  as  a  rule  take  the  form  of  rounded  tmnouis 
which  give  rise  to  more  or  less  extensive  degeneration. 

References  on  Tumours  of  the  Cord  (see  also  Art.  95). 

FiJKSTNEE :  Glioma  A.f.  Psych,  xiv  1884 

Glasbr:    Central  angio-sarcoma  in  the  cervical  and  lambar  cord  4.  / /'sye^ 

XVI  1886 
Klebs:  Glioma  Prager  Vierteljahrsschr.  f.  d.  prakt.  Heilkunde  133 
KoHTs:  Tumours  of  the  spinal  cord  Gerhardfs  Handb.  d.  Kinderkrankheita 

Tiibingen  1880 
Lachmann:  Glioma  A.f.  Pysch.  xiii  1882 
Leyden  :  Klinik  der  Rilckenmarkskrankheiten  1874 
Reisingke:  Glioma  V.  A.  98  1884 
Rosenberg  :  Tumours  of  the  cord  Inaug.  Diss.  Strassburg  1892  (with  refer 

ences) 
Roth  :  Glioma  A .  de  physiol.  1878 

ScHtJPPEL :  Glioma  and  glio-myxoma  A .  d.  Heilk.  viii  1867 
Schultze:  Glioma  A.f.  Pysch.  viii  1878;   V.  A.  102  1885 
ViRCHOw:  Die  krankhaften  GeschwuLste 
Volkmann:  Glioma  D.  A.f.  klin.  Med.  xlii  1888 
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CHAPTER    XXXV 

THE  MEMBRANES  OF  THE  CORD 

104.  The  most  important  morbid  changes  in  the  internal 
membranes  of  the  cord,  the  pia  mater  and  arachnoid,  are  those 
due  to  inflammation  from  haematogenous  infection,  from  the 
direct  extension  of  inflammation  in  neighbouring  parts,  or  from 
traumatic  injury.  The  term  spinal  meningitis  is  applied  to  this 
condition.  In  purulent,  sero-purulent,  and  fibrino-purulent  in- 
flammations a  whitish  exudation,  containing  a  varying  number  of 
pus-corpuscles,  and  often  fibrin  also,  collects  in  the  subarachnoid 
space  and  within  the  pia  mater.  The  exudation  is  sometimes  con- 
fined to  the  posterior,  sometimes  to  the  anterior  surface  ;  again 
it  may  extend  over  the  entire  length,  or  only  over  a  limited  por- 
tion of  the  cord.  In  certain  cases  the  inflammatory  exudation 
appears  simultaneously  or  at  a  later  stage  in  the  cerebral  pia  mater 
(cerebro-spinal  meningitis),  or  cerebral  meningitis  is  followed  by 
the  spinal  affection. 

Traumatic  purulent  meningitis  is  probably  in  most  cases  due 
to  the  infection  of  some  pre-existing  injury  by  the  ordinary  micro- 
cocci of  suppuration,  and  this  is  also  true  of  some  of  the  haema- 
togenous and  conducted  or  consecutive  forms  of  inflammation. 
In  a  special  infective  disease  whereof  inflammation  of  the  cerebro- 
spinal meninges  forms  a  characteristic  feature,  known  as  epidemic 
cerebro-spinal  meningitis,  the  Diplococcus  pneumoniae  appears  to 
be  the  ordinary  exciting  cause  ;  other  micrococci  and  bacilli  have, 
however,  been  detected  in  this  affection  (Adenot,  Neumann, 
ScHAErpEE).  Bonome  discovered  a  peculiar  streptococcus  asso- 
ciated with  an  epidemic  of  cerebro-spinal  meningitis  that  took 
place  in  the  neighbourhood  of  Padua. 

The  fibres  of  the  white  matter  of  the  cord  adjoining  the 
inflamed  regions  often  undergo  degenerative  changes,  the  medul- 
lary sheaths  disintegrating  and  the  axis-cylinders  swelling  up. 
Occasionally  the  inflammation  spreads  along  the  vessels  and  the 
supporting  strands  of  fibrous  tissue  to  the  substance  of  the  cord 
itself,  and  thus  produces  meningo-myelitis.  In  the  nerve-roots, 
likewise,  inflammatory  infiltrations  and  degenerative  changes 
sometimes  make  their  appearance,  and  then  neuritis  is  superadded 
to  the  other  disorders. 

When  recovery  takes  place  after  acute  meningitis  the  exuda- 
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tion  is  absorbed,  but  more  or  less  extensive  white  indurations, 
produced  by  proliferation  of  the  connective  tissue,  remain  behind : 
at  times  also  adhesions  of  the  pia  mater  to  the  arachnoid  tissue 
and  the  dura  mater  are  formed,  and  the  nerves  are  thereby 
encased  in  cicatricial  tissue  and  undergo  partial  atrophy.     In  the 

cord  itself  atrophy 
and  sclerosis  along 
the  marginal  surface 
is  an  occasional  result 
of  the  process. 

Tuberculosis    of 
the  pia  mater  and  of 
the  arachnoid  mem- 
brane may  be  limited 
to  the  vertebral  canal, 
or  may  accompany  tubercu- 
losis of  the  cerebral  menin- 
ges ;  the  latter  is  the  more 
common  occurrence,  and  the 
disease  is  then  apt  to  involve 
the  cervical  portion  of  the 
theca  vertebralis. 

The  tuberculosis  is  some- 
times consecutive,  and  asso- 
ciated with  tuberculous  dis- 
ease of  the  vertebrae  and 
dura  mater  or  of  the  sub- 
stance of  the  cord ;  in  other 
instances  it  is  of  haematoge- 
nous  origin.  It  is  at  times 
manifested  only  by  an  erup- 
tion of  tuberctdous  nodules. 
More  commonly,  however,  a 
more  or  less  extensive  in- 
flammation is  set  up,  in 
consequence  of  which  the 
subarachnoid  liquid  becomes 
turbid,  the  pia  mater  is  in- 
filtrated with  a  thin  yeUow- 
ish-white  sero-purulent  or 
fibrino-purulent  exudation, 
sometimes  though  not  fre- 
quently mingled  with  ex- 
travasations of  blood  from 
small  haemorrhages  (Fig.  209  leg').  The  tubercles  are  for  the 
most  part  seated  on  the  waWs  of  the  blood-vessels  (/). 

Tuberculous  meningitis  may  spread  also  in  the  cord  («')  and 
nerve-roots  (e  A),  the  process  thereupon  assuming  the  characters 


Fig.  209.     Tuberculous  spinal  meningitis. 

(Longitudinal  section  through  the  cord  and 
posterior  roots:  preparation  hardened  in 
Mailer's  fluid,  and  stained  with  anilin-blue 
by  Steoebe's  method :  X  45) 

a  spinal  cord  6  pia  mater 

c   subarachnoid  space      d  araclinoid  membrane 
e   posterior  roots  infiltrated  with  cells  and  con- 
taining a  few  swollen  axis-cylinders 
/  vessels  with  proliferous  walls  infiltrated  with 

cells 
g  cellular  infiltration  in  subarachnoid  space 
h  masses  of  cells  interpenetrating  the  nerves 
i    swollen  axis-cylinders 
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of  tuberculous  meningo-myelitis  and  neuritis,  and  leading  to 
more  or  less  extensive  degeneration  of  the  nerve-elements  (e  i)  in 
the  affected  region  (Art.  102,  with  references). 

Syphilitic  spinal  meningitis  is  on  the  whole  a  rare  disease. 
It  appears  in  the  form  of  rounded  or  superficially  diffused  inflam- 
matory infiltrations,  involving  to  a  variable  extent  the  adjoining 


y- 


V  .' 
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Fig.  210.    Syphilitic  induration  and  adhesions  in  the  lumbak  cord. 

(Section  through  the  cord  and  its  membranes :  preparation  hardened  in  MUller's  fluid 
and  alcohol,  and  stained  with  haematoxylin  and  carmine :  x  8) 

a 
6 
c 
d 
e 


thickened  dura  mater 
arachnoid  membrane 
pia  mater 

white  matter  ol  the  cord 
grey  matter  of  the  cord 
//l    cross-section  of  healthy  nerve-roots 
g  gx  cross-section    of    degenerate   nerve- 
roots 
ft    cellular  tissue  connecting  the  arachnoid 

membrane  and  the  dura  mater 
i    newly-formed   connective    tissue    sur- 
rounding  and    uniting    the    nerve- 
bundles 


newly-formed  connective  tissue  unit- 
ing the  dura  mater,  arachnoid  mem- 
brane, and  pia  mater  into  a  single 
cicatricial  mass 

cheesy  deposit 

transverse  section  of  an  artery  with 
greatly  thickened  intima 

inflammatory  infiltration  of  the  pia 
mater  in  the  anterior  fissure 

degenerate  and  sclerotic  tissue  in  the 
medial  parts  of  the  anterior  columns 

foci  of  degeneration  in  the  posterior 
columns  and  of  inflammation  in  the 
grey  matter 
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substance  of  the  cord  or  even  the  dura  mater.  In  particuli 
cases  it  extends  from  the  vertebrae  and  dura  mater  to  the  intern; 
membranes. 

The  inflammation  and  proliferation  lead  in  the  course  of  tim 
to  thickening  of  the  pia  mater,  to  closer  cohesion  of  this  -with  ti 
arachnoid,  and  to  adhesions  between  both  and  the  dura  mate 
(Fig.  210  h  ¥).  The  nerves  lying  within  the  region  of  inflamma 
tory  proliferation  become  surrounded  by  new-formed  tissue  (i] 
and  gradually  undergo  atrophy  as  the  proliferation  invades  th 
endoneurium  also  (^  g^.  Partial  necrosis  of  the  inflamed  am 
proliferous  tissue  occasionally  results  in  the  formation  of  chees; 
deposits  Q)  within  the  cicatricial  indurations.  The  adjacent  sub 
stance  of  the  cord,  by  compression  and  by  disturbance  of  it 
nutrition  due  in  part  to  obliteration  of  the  vessels,  may  underg 
more  or  less  extensive  atrophy  and  sclerosis  (o  and  p  below) 
Sometimes  the  inflammatory  infiltration  and  proliferation  exten( 
along  the  connecting  strands  of  fibrous  tissue  and  the  vessels  inti 
the  interior  of  the  cord  (n  and  jt?  left  side). 

Haemorrhages  into  the  meninges  are  generally  the  result  o 
traumatic  injury ;  they  occur  also,  however,  in  coimexion  wit! 
haemophilia,  purpura,  and  infective  diseases,  and  in  rare  case 
they  arise  from  causes  that  cannot  be  traced. 

References  on  the  Aetiology  and  Sistology  of  Spinal  Meningitis 

Adenot:  Bacteriological  researches  on  a  case  of  meningitis  A.  demed.exp, 

1889 
BoNOME :  Aetiology  of  epidemic  cerebro-spinal  meningitis  Ziegler's  Beitrdge  vii 

1890 
Centanni:  a  new  micro-organism  in  meningitis  A.  per  le  scienze  med.  xvi 

1893  (with  references) 
FoA  and  Bokdoni-Upfreduzzi  :  Aetiology  of  epidemic  cerebro-spinal  menin 

gitis  Z.  f.  Hygiene  iv  1888 
GoLDSCHMiDT :  Aetiology  of  cerebro-spinal  meningitis  Cent.  f.  Bakteriologie  i 

1887 
Hauser  :  Frankel's  pneumonia-diplococcus  in  cerebro-spinal  meningitis  Munch 

med.  Woch.  1888 
Netter:  Meningitis  due  to  the  pneumococcus  A.  gen.  de  med.  1887 
Neumann  and  Schaeffer:  Aetiology  of  purulent  meningitis  V.  A.  109  1887 
Ortmann:  Aetiology  of  cerebro-spinal  meningitis  A.f.  exp.  Path.  xxivlBBB 
Weichselbaum  :  Aetiology  of  acute  cerebro-spLual  meningitis  Fortschr.  d.  Med 

V  1887 
"WiETiNG :  Meningo-myelitis  Ziegler's  Beitrdge  xiii  1893 

References  on  Syphilis  of  the  Spinal  Meninges  and  of  the  Oord 

Boettiger:  Syphilitic  diseases  of  the  spinal  cord  A.  f.  Psych,  xxvi  1884 

(with  references) 
Buttersack:  Syphilitic  diseases  of  the  central  nervous  SYstem  A.  f.  Psych 

xvn  1887 
Charcot  and  Gombault  :  Disseminated  lesions  in  a  syphilitic  woman  A.  di 
'     ■  '  1873 
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JuiLLARD :  Localisations  spinales  de  la  syphilis  Paris  1879 

Lancekeaux:  Traite'ide  la  syphilis  Paris  1879 

Muller:  Syphilis  of  the  cord  A.f.  Derm,  xxiii  1891 

Pick  :  Cerebro-spinal  syphilis  Prager  Z.  f.  Heilk.  xin  1892 

RuMPF :  Syphilitische  Erkrankungen  des  Nervensy stems  Wiesbaden  1887 

Siemerling:  Congenital  cerebral  and  spinal  syphilis  A.  f.  Psych,  xx  1888; 

Syphilis  of  the  central  nervous  system  iftiSem  xxn  1890 
Sottas  :  L'anat.  et  la  din.  des  paralysies  spinales  syphilitiques  Paris  1894  (^ith 

references) 

105.  Among  the  tumours  of  the  inner  spinal  membranes, 
small  osteomata  are  the  first  to  be  mentioned;  in  the  form  of 
small  white  discs  or  plates  they  are  often  found  in  the  arachnoid. 
According  to  Zanda  their  formation  is  due  to  degenerative 
changes  in  the  fibrous  tissue,  and  they  are  furnished  with  new 
blood-vessels  from  the  dura  mater.    Varicose  dilatations  of  the  pial 


Fig.  21\.    Venous  angioma  of  the  pia  matbe.. 

{Cross-section  of  the  lumbar  cord:  preparation  hardened  in  Mailer's  fluid  and  alcohol, 
cut  in  celloidin,  stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada 
balsam :  x  4) 

a  dura  mater  d  d^  transverse  section  through  the  an- 
b    spinal  cord  terior  nerve-roots 

c    transverse  section  through  venous  blood-  e  ej     transverse  section  through  the  pos- 
spaces  terior  nerve-roots 

veins  are  not  uncommon,  and  sometimes  lead  to  the  formation  of 
venous  cavernous  angiomata  (Fig.  211  c),  which  as  they  grow 
produce   compression   of   the   cord    (6)    and   of  the   nerve-roots 

Of  the  true  tumours,  most  of  the  connective-tissue  forms  occur 
as  primary  growths,  such  as  sarcomata,  fibromata,  myxomata,  an- 
giomata, angio-sarcomata,  and  lipomata.  Lipomata  are  met  with 
chiefly  in  cases  of  spina  bifida.      The  fibromata  form  rounded 
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nodes,  and  have  their  origin  most  commonly  in  the  perineurium 
of  the  nerve-roots  (Fig.  212  c  dJ).  The  sarcomata  form  rounded 
or  siiperficial  growths,  and  sometimes  invade 
the  substance  of  the  cord.  Some  of  the 
sarcomata,  in  which  the  neoplastic  prolifera- 
tion starts  in  the  endothelium  enveloping 
the  fibrous  connecting  strands,  and  which 
possess  an  alveolar  structure,  are  classed 
with  the  alveolar  endotheliomata. 

Tumours  characterised  by  excessive  vas- 
cular hyperplasia  (Figs.  212  e  and  213)  are 
regarded  as  angiomata  and  angio-sarcomata. 


■a 


m 
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Fig.  212.  Fibroma  and 
papillomatous  angio- 
sarcoma of  the  cauda 
equina  with  central 
glioma  of  the  lum- 
BAR  CORD. 

(Reduced  to  one-half  the 
natural  size) 

a  thoracic  portion  of  the 
cord 

b  dilated  lumbar  portion 
with  central  glioma 
and  excavation 

c  and  d    fibromata 

e  angio-sarcoma 


Fig.  213.    Papillomatous  angio-sarcoma  with  hyaline 
degeneration. 

From  the  cauda  eguiiia  shown  in  Fig.  212  (e)  (preparation 
hardened  in  Miiller's  fluid,  stained  with  haematpxylin, 
and  mounted  in  Canada  balsam :  x  150) 

a  small  single  vessels  b    large  single  vessels 

c  vascular  tufts  cut  partly  in  the  longitudinal  and  partly 

in  the  transverse  direction 
d  denucleated  vessels  in  hyaline  denucleated  connective 

tissue 
e  single  cells  lying  between  the  vascular  tufts 
/  flbro-cellular  tissue  lying  between  the  vascular  tufts 


They  have  sometimes  a  peculiar  structure, 
recalling  that  of  the  placenta,  and  contain 
numerous  papillary  outgrowths  composed  of 
blood-vessels  (Fig.  213  a  b}  and  vascular 
tufts  (c  d},  interspersed  with  single  cells 
(e)  or  patches  of  myxomatous  and  sarcoma- 
tous tissue  (/).     The  hyaline  degeneration 
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((i)  frequently   associated  with  these  neoplasms   justifies  us  in 
classing  them  as  cylindromata. 

Among  the  secondary  tumours  carcinomata  and  sarcomata 
are  met  with,  some  forming  circumscribed  nodes,  and  others  dif- 
fuse proliferous  growths  which  fill  the  arachnoid  cavity,  envelope 
closely  the  cord  and  nerve-roots,  and  sometimes  invade  the  sub- 
stance of  the  cord  itself. 

References  on  Tumours  of  the  Internal  Spinal  Meninges. 

Baierlachee  :  Cystosarcoma  Deutsche  Klinik  1860 

Braubach  :  Lipoma  A .  f.  Psych,  xv  1884 

Chiari  :  Cholesteatoma  of  the  dorsal  cord  Prager  med.  Woch.  1883 

Cramer  :  Multiple  angio-sarcoma  of  the  spinal  pia  mater  Inaug.  Diss.  Marburg 
1888 

GajStguillet  :  Cylindroma  Inaug.  Diss.  Berne  1878 

Gaupp  :  Morbid  anatomy  of  the  spinal  cord  and  its  membranes  Ziegler's  Bei- 
trage  il  1888 

Lachmann:  Glioma  of  the  filum  terminale  A.f.  Psych,  xiii  1882 

Leyden  :  Klinik  der  Riickenmarkshrankheiten  i  Berlin  1874 

Rosenberg:  Tumours  of  the  cord  Inaug.  Diss.  Strassburg  1892  (with  refer- 
ences) 

ScHULz:  Sarcoma  of  the  spinal  pia  mater  A.f.  Psych,  xvi  1885 

Wbstphal  :  Multiple  sarcomatosis  of  the  brain  and  of  the  membranes  of  the 
cord  A.f.  Psych,  xxvi  1894 

Zanda  :  The  development  of  the  osteomata  of  the  spinal  arachnoid  Ziegler's 
Beitrage  v  1889 

106.  The  spinal  dura  mater  forms  a  theca  or  elongated  sac 
loosely  enveloping  the  cord,  and  separated  from  the  vertebral 
canal  by  the  epidural  space.  Acute  inflammation  of  the  dura 
mater,  or  pachymeningitis,  as  a  rule  results  from  inflammation  of 
the  neighbouring  internal  membranes  and  of  the  vertebrae,  or  is 
of  traumatic  origin.  As  the  dura  mater  is  close  and  stout  in  tex- 
ture, inflammatory  infiltration  of  its  tissue  can  take  place  only  to 
a  slight  extent,  and  is  accordingly  in  most  cases  limited  to  its 
superficial  layers.  In  the  process  of  recovery  after  inflammation 
adhesions  to  the  adjacent  structures  are  apt  to  be  formed. 

Scattered  patches  of  proliferation  on  the  internal  surface,  suc- 
ceeding the  deposition  of  fibrin  thereupon,  are  occasionally  but 
not  very  frequently  observed,  and  lead  to  the  formation  of  deli- 
cate vascular  false  membranes.  Within  these  membranes  haemor- 
rhages of  varying  extent  are  apt  to  take  place,  and  the  process 
is  therefore  described  as  internal  haemorrhagic  pachymenin- 
gitis. Its  causation  is  unknown,  except  in  those  cases  where  it 
follows  vertebral  or  pial  disease,  or  where  tuberculosis  or  syphilis 
are  present.  The  slighter  forms  of  the  disease  cause  no  recognis- 
able changes  in  the  cord  itself.  In  the  severer  cases  adhesions 
with  the  arachnoid  and  pia  mater  may  be  formed,  and  the  inflam- 
mation may  extend  to  the  pia  mater  ;  in  such  cases  degenerative 
changes  soon  make  their  appearance  in  the  cord. 
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Tubercnlosis  of  the  spinal  dura  mater  is  almost  always  a 
secondary  affection,  usually  proceeding  from  the  vertebrae,  more 
rarely  from  the  cord  and  the  pia  mater.  Numerous  caseous 
deposits  are  produced  in  the  epidural  space,  compressing  the 
dural  sac  and  the  spinal  cord  it  encloses.  The  dura  mater  is 
sometimes  covered  externally  with  caseous  granulomatous  de- 
posits, while  on  its  internal  surface  are  formed  delicate  pachy- 
meningitic  false  membranes  resembling  the  non-tuberculous 
membranes  above  referred  to.  If  the  tubercle-bacilli  penetrate 
into  the  substance  of  the  dural  sac,  disseminated  tubercles,  with 
or  without  caseating  granulations,  make  their  appearance  on  the 
internal  surface  of  the  membrane. 

Syphilitic  inflammation  and  granulomatous  proliferation 
occur  both  as  primary  and  as  secondary  morbid  processes  in  the 
dura  mater;  in  the  latter  case  they  originate  in  the  pia  mater, 
very  seldom  in  the  vertebrae  (Art.  104). 

Among  the  primary  tumours  of  the  spinal  dura  mater,  sarco- 
mata, fibromata,  and  myxomata  have  been  recorded.  Lipomata 
have  been  repeatedly  observed  in  the  epidural  space.  Hydatid 
cysts  may  develope  both  in  the  epidural  space  and  in  the  dural 
sac  itself ;  they  are,  however,  rare. 

References  on  the  Morbid  Aiiatomy  of  the  Spinal  Dura  Mater. 

Adamkiewicz  :  Pachymeningitis  hypertrophica  Vienna  1890 
Burtin:  Hypertrophic  spinal  pachymeningitis  These  Paris  1878 
Charcot  :  Diseases  of  the  nervous  system  ii  London  1877-1883 
Francottk:  Fibroma  of  the  spinal  dura  mater  Ann.  de  la  Soc.  med.-chir.  de 

Liege  1888 
Joffroy:  Spontaneous  cervical  pachymeningitis  These  Paris  1873;  A.  gen.  de 

mid.  II 1876 
Lancereaux:   Traite  historique  et  pratique  de  la  syphilis  Paris  1873 
Michatjd  :  Meningitis  and  myelitis  in  spinal  disease  These  Paris  1871 
Neisser  :  Die  Echinococcenkrankheit  Berlin  1877 
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CHAPTER  XXXVI 
STRUCTURE  AND  FUNCTIONS  OF   THE  BRADf 

107.  The  part  of  the  central  nervous  system  enclosed  by  the 
cranium  consists  of  the  cerebrum  and  cerebral  axis,  with  the  cere- 
bellum. 

The  cerebrum  is  made  up  of  two  hemispheres,  united  by  a 
commissure,  the  corpus  callosum.  The  outer  surface  of  the  hemi- 
spheres is  marked  in  a  characteristic  fashion  by  ramifying  and 
intercommunicating  furrows  or  sulci,  between  which  the  brain- 
substance  is  thrown  into  tortuous  ridges  and  prominences,  known 
as  the  gyri  or  convolutions. 

Some  of  the  sulci  are  characteristic  of  the  human  brain,  and 
are  always  present;  others  are  subject  to  considerable  variation 
in  different  brains,  and  thus  the  details  of  the  configuration  of 
the  gyri  are  by  no  means  constant.  The  most  important  sulci 
are  the  sylvian  fissure  (Fig.  214  e),  the  central  or  rolandian  fis- 
sure (a),  the  pre-central  (6),  the  intrapariet£il  (cZ),  the  super- 
ficial-temporal or  first-temporal  (/),  the  parieto-occipital  (c), 
the  anterior-occipital  (i),  and  the  inferior-occipital  (A)  fissures. 

The  central  or  rolandian  fissure  (a)  divides  the  cerebral  hemisphere  into  an 
anterior  and  a  posterior  portion  ;  the  gyrus  immediately  in  front  of  it  is  known 
as  the  pre-central  or  ascending-frontal  (A)  convolution,  the  one  immedi- 
ately behind  it  as  the  post-central  or  ascending-parietal  (B)  convolution. 

The  term  opercular  or  central  lobe  is  applied  to  the  group  of  convolu- 
tions surrounding  the  central  fissure,  namely  the  pre-central,  postncentral,  parar 
central  (uniting  them  above),  and  infrarcentral  (uniting  them  below).  The 
portion  of  the  hemisphere  in  front  of  the  pre-central  fissure  (6)  is  the  frontal 
lobe  in  the  narrower  sense  of  the  term,  and  is  divided  into  the  superior- 
frontal  (Cj),  the  middle-frontal  (C^),  and  the  inferior-frontal  (Cg)  convolutions. 
These  three  convolutions  pass  downwards  round  the  anterior  border  of  the 
hemisphere  to  its  orbital  surface. 

Behind  the  post-central  convolution  lies  the  parietal  lobe  (D),  divided  by 
the  intraparietal  fissure  (d)  into  a  superior-parietal  and  an  inferior-parietal 
lobule.  The  latter  is  made  up  of  the  marginal  or  supra-marginal  gyrus  (E) 
and  the  angular  gyrus  (F). 

The  parieto-occipital  (c)  and  the  anterior-occipital  sulci  (i)  form  the  boun- 
dary between  the  parietal  and  the  occipital  lobe  (&),  and  in  the  space  between 
these  two  furrows  the  so-called  annectant  (or  connecting)  gyri  pass  over  from 
the  parietal  to  the  occipital  lobe. 

The  sylvian  fissure  (e)  forms  the  boundary  between  the  lower  and  outer 
portions  of  the  frontal,  central,  and  parietal  lobes  and  the  temporal  lobe. 
The  gyrus  bordering  the  lower  side  of  this  fissure  is  the  first-temporal  or  supe- 
rior temporo-sphenoidal  convolution  (/T,). 
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The  gyrus  which  bends  round  the  upper  end  of  the  sylvian  fissure  belongs, 
as  we  have  said,  to  the  inferior-parietal  lobule,  and  is  known  as  the  marginal 
gyrus  (E).  Below  the  superior-temporal  (also  called  the  parallel)  fissure  (/) 
is  the  second-temporal  gyrus  (H2).  Its  upper  portion,  though  it  bends  round 
the  fissure,  is  stUl  regarded  as  belonging  to  the  inferior-parietal  lobule,  and  has 
received  the  name  of  the  angular  gyrus  (F).  Below  the  second-temporal  fis- 
sure (Fig.  214  g)  is  found  the  third-temporal  gyrus  (Fig.  215  G).  If  the  lips 
of  the  sylvian  fissure  are  drawn  apart,  .the  island  of  Reil  or  insula  becomes 
visible. 

The  median  aspect  of  the  first-frontal  gyrus  (Fig.  215  A)  has  received  no 
special  name;  that  of  the  operculum  is  known  as  the  paracentral  lobule. 
Both  are  bounded  inferiorly  by  the  oalloso-marginal  sulcus  (a),  which  ante- 
riorly separates  the  first-frontal  from  the  callosal  gyrus  or  gyrus  cinguli  (Z), 


B  j; 


J'i.s 


Fig.  214.    External  surface 
{Brawn  from  a  brain  tr 
a     central  fissure 
6     pre-central  fissure 
c      parieto-occipital  fissure 
d     intraparietal  fissure 
e      sylvian  fissure 
/     superficial-temporal  fissure 
g     second-temporal  fissure 
h     inferior-occipital  fissure 
i      anterior-occipital  fissure 
A    pre-central  gyrus 


OF  THE  LEFT  CEREBRAL  HEMISPHERE. 

•Bated  with  nitric  acid  and  dried) 
B     postcentral  gyrus 

superior-frontal  gyrus 
middle-frontal  gyrus 
inferior-frontal  gyrus 
parietal  lobe 
marginal  gyrus 
angular  gyrus 
occipital  lobe 
first-temporal  gyrus 
second-temporal  gyrus 


E 
F 
G 


and  posteriorly  by  the  paracentral  lobule  (B)  from  the  praecuneus  or  quadrate 
lobule  (C),  the  median  portion  of  the  superior-parietal  lobule.  The  median 
portion  of  the  occipital  lobe  is  known  as  the  ouneus  (D),  and  is  separated  from 
the  praecuneus  by  the  parieto-occipital  sulcus  (6) . 

The  fissure  known  as  the  transverse-occipital  sulcus  or  caloarine  fissure  (c) 
separates  the  cuneus  from  the  lingual  gyrus  (£).  The  latter  passes  anteriorly 
into  the  hippooampal  gyrus  (/?),  which  is  a  continuation  of  the  callosal 
gyrus  {K). 

Below  the  lingual  and  the  hippocampal  gyi-us  lies  the  ocoipito-temporal 
or  collateral  sulcus  {d),  and  below  this  the  occipito-temporal  or  fusiform  gyrus 
(F). 
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The  substance  of  the  cerebrum  (Fig.  216)  is  composed  of  the  cortex  (co.)  and 
the  medullary  white  matter.  The  former  has  a  grey  colour,  and  everywhere 
forms  the  outermost  layer  of  the  cerebrum ;  at  the  base  it  dips  here  and  there 
into  the  interior,  forming  the  grey  structures  known  as  the  claustrum  (cZ.),  the 
nucleus  amygdalae  (n.a.),  the  caudate  nucleus  (c.n.),  and  the  external  segment 
of  the  lenticular  nucleus  or  putamen  (Wernicke).    The  latter  two  nuclei  are 


Xrv^V 


Cr  n,  0 

Fig.  215.    Median  sukface  or  the  cerebrum. 
{Drawn  from  a  fresh  preparation :  reduced  to  one-half  the  natural  size) 

A  median    surface    of    the 

gyrus 

B  paracentral  lobule 
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G  inferior-temporal  gyrus 

H  liippocampal  gyrus 

J  uncinate  gyrus 

K  callosal  gyrus 

a  calloso-marginal  sulcus 

6  parieto-occipital  sulcus 

c  transverse-occipital  sulcu 

ine  fissure 


rst-frontal 
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occipito-temporal  sulcus 
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pre-occipital  sulcus 
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corpus  callosum 

hi 
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septum  pellucidum 

m 

anterior  commissure 

n 

crus  cerebri 

or  calcar- 
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corpus  mammillarlum  (albicans) 

P 

optic  nerve 

continuous  anteriorly  with  one  another  as  well  as  with  the  cortex  (substantia 
perforata  anterior).  Posteriorly  they  are  separated  from  one  another  by  layers 
of  white  matter. 

The  grey  masses  known  as  the  optic  thalamus  (th.)  and  the  subthalamic 
body  (c.s.)  or  nucleus  of  Luys,  together  with  the  inner  two-thirds  of  the  len- 
ticular nucleus  (n.l.),  do  not  belong  to  the  cerebral  cortex,  but  to  the  cerebral 
axis. 
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The  grey  matter  of  the  cerebrum  contains,  embedded  in  a  matrix  which 
after  death  has  a  finely  granular  appearance,  a  large  number  of  stellate  gan- 
glion-cells of  various  forms,  with  plexuses  and  tracts  of  fine  and  coarse  nerve- 

fi.  {31*68 

The  white  or  medullary  substance  consists  essentially  of  medullated  nerve- 
fibres,  without  sheaths,  which  have  their  origin  or  termination  in  the  grey 
matter  of  the  brain.  According  to  Ramon  y  Cajal,  these  fibres  are  of  four 
chief  types,  namely  projective  fibres,  commissural  fibres,  associative  fibres,  and 
centripetal  fibres. 


Fig.  216.    Fkontal  skction  op  the  ceeebrum. 
(Diagrammatic ;  after  Sohwalbb) 
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The  projective  fibres  (Fig.  217  a)  start  from  all  parts  of  the  cortex,  and, 
after  giving  off  collateral  branches  to  the  corpus  callosum  (A  )  and  to  the  grey 
matter  of  the  cerebral  axis,  constitute  the  greater  part  of  the  pyramidal 
tract  (C).  The  commissural  fibres  (A),  which  pass  through  the  corpus  callo- 
sum, arise  in  the  cortex  of  one  hemisphere  and  end  in  the  other.  The  fibres  ot 
the  anterior  commissure  (B)  arise  in  the  region  of  the  cuneus.  The  associative 
fibres  (c),  which  form  the  main  mass  of  the  white  matter,  connect  by  their 
lateral  and  terminal  branches  the  cortical  cells  with  numerous  other  cortical 
regions. 
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On  the  surface  of  the  brain  various  cortical  areas  or  centres  are  distin- 
guished according  to  their  function.  'The  motor  centres  extend  over  the  two 
central  convolutions  and  the  paracentral  lobule ;  the  centres  for  the  facial  and 
the  hypoglossal  nerves,  lie  in  the  lower  third,  those  for  the  arms  in  the  middle 
third,  and  those  for  the  legs  in  the  upper  third  and  in  the  paracentral  lobule. 
The  several  regions  are  not  sharply  separated,  but  pass  one  into  the  other. 
The  centres  for  the  movements  of  the  trunk  are  said  to  be  situated  in  the 
frontal  lobe. 

The  motor  speech-centre,  or  region  wherein  verbal  images  are  translated 
into  spoken  words,  is  in  right-handed  persons  situated  in  the  posterior  part 
of  the  left  third-frontal  gyrus.  The  sensory  speech-centre,  with  which  the 
memory  of  the  sound  of  words  is  associated,  lies  in  the  left  first-temporal 
gyrus. 

The  centres  for  sensation  have  in  general  the  same  situation  as  the  motor 
centres,  extending  however  to  other  regions,  such  as  the  parietal  lobe  (Noth- 

NAGEL,  BkCHTEREW,  WeRNICKE). 

The  visual  centre  lies  in  the  occipital  lobe,  chiefly  about  the  region  of  the 
calcarine  fissure  and  of  the  cuneus.     The  seat  of  the  olfactory  centre  is  not 


Fig.  217.    Diagrammatic  scheme  of  the  course  of  the  nerve-fibres  within 
THE  brain  iflfHr  Kamon  y  Cajal). 

h 


A    corpus  callosum 
B    anterior  commissure 
C   pyramidal  tract 

a    neuron  with  projective  fibres  and  col 
lateral  commissural  fibres 


neuron  with  fibres  to  the  corpus  cal- 
losum 

c     neuron  with  associative  fibres 
e  d  terminal  ramifications  of  various  neu- 
rons in  the  cerebral  cortex 


positively  known ;  perhaps  it  is  in  the  uncinate  gyrus.  The  auditory  centre 
is  situated  in  the  temporal  lobe,  and  it  is  assumed  that  the  centre  in  each 
hemisphere  is  connected  with  both  auditory  nerves. 

Psychical  functions  are  associated  with  the  whole  of  the  cerebral  cortex. 
The  frontal  lobe  is  regarded  as  specially  concerned  in  the  performance  of  the 
higher  mental  functions. 

The  cerebral  axis  consists  of  the  medulla  oblongata  (Fig.  218  M.obl.), 
pons  (Po.),  the  crura  (P«.)  the  subthalamic  nucleus  (Fig.  216  cs.)  with  the 
tuber  cinereum  (Fig.  218  T.c.)  and  corpora  mammillaria  {Cm.),  the  cerebel- 
lum (Fig.  218  D.  Gr.  FL),  the  corpora  quadrigemina,  and  the  optic  thalamus 
(Figs.  216  <A.  and  215  i). 

All  these  parts  may,  from  their  mode  of  origin,  be  regarded  as  modifica- 
tions of  the  spinal  cord,  and  the  cerebral  nerves  that  are  homologous  with  the 
spinal  nerves  start  from  this  region  (Fig.  218  I-XII  and  Fig.  179  III-XII). 

The  cerebral  axis  contains  no  parts  that  are  related  to  psychical  activity ; 
its  centres  are  partly  automatic  and  partly  reflex  in  their  nature  and  functions. 
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The  medulla  oblongata,  for  example,  contains  the  reflex  centre  for  the 
closure  of  the  eyelids,  coughing,  sneezing,  sucking,  etc.,  as  well  as  centres  that 
correlate  subordinate  reflexes  of  the  spinal  cord.  It  contains  also  the  centres 
for  the  nerves  of  respiration,  the  motor  nerves  of  the  heart,  and  the  vaso-motor 
nerves,  as  well  as  a  centre  which  when  stimulated  induces  general  convulsions. 
Here  are  also  the  mechanisms  for  the  co-ordination  of  the  movements  subserv- 
ing vocal  articulation  (Kussmaul),  for  the  perception  of  speech  as  mere  sound, 
and  for  the  perception  of  written  characters  as  mere  shapes.  The  mental  pre- 
sentation of  the  syllables  and  words  to  be  uttered  in  articulate  speech,  and 
the  association  of  the  sounds  and  written  shapes  perceived  with  the  appropriate 
verbal  images,  is  effected  in  the  cerebral  cortex. 

Stimulation  of  the  pons  causes  convulsions  and  painful  sensations;  its 
destruction  causes  sensory,  motor,  and  vaso-motor  paralysis.   In  the  cerebellum 
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Fig.  218.    Basal  aspect  of  the  cerebral  axis. 
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and  corpora  quadrigemina  are  situated  centres  for  the  adjustment  and  co-ordina- 
tion of  the  movements  of  the  limbs  and  trunk,  and  so  on.  The  functions  of  the 
optic  thalamus  and  of  the  nucleus  of  the  pons  are  unknown. 
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CHAPTER   XXXVII 
MALFORMATIONS  OF  THE  BRAEST 

108.  The  malformations  of  the  brain  relate  most  commonly 
to  the  cerebral  hemispheres  and  the  cerebellum,  these  being  the 
parts  which  in  their  development  from  the  primitive  cerebral 
vesicles  undergo  the  greatest  amount  of  growth  and  the  most 
important  transformations.  The  parts  of  the  cerebral  axis  aris- 
ing from  the  vesicles  of  the  hind-brain,  mid-brain,  and  inter-brain, 
are  also  in^sorae  cases  imperfectly  developed. 

Some  of  the  malformations  of  the  brain  are  associated  with 
malformations  of  the  cranium,  such  as  agenesis  of  particular  por- 


FiG.  219.    Head  of  the  microcephalic  child  Helen  Becker. 
(Aged  5  years :  from  a  photograph  taken  by  A.  Ecker  in  the  year  1868) 

tions  of  it.  Of  this  nature  are  total  or  partial  anencephalia,  and 
cephalocele  or  cerebral  hernia,  which  occur  in  combination  with 
acrania,  cranioschisis,  or  craniorachischisis,  or  with  mere  osseous 
defects  of  the  cranium. 

Among  the  malformations  that  are  met  with  when  the  skull 
is  entire  and  closed,  there  are  two  main  classes,  one  characterised 
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by  hypoplasia  or  under-growth,  the  other   by  agenesis  or   total 


absence  of  particular  portions  of 
cannot,  however,  be  sharply  sepa- 
rated, for  hypoplasia  is  sometimes 
combined  with,  or  passes  into, 
partial  agenesis.  A  third  group, 
likewise  incapable  of  sharp  separa- 
tion from  the  others,  and  in  some 
instances  appearing  merely  as  a 
variety  of  hypoplasia  or  partial 
agenesis,  includes  anomalies  of 
development  in  the  fissures,  minor 
sulci,  and  convolutions.  In  a 
fourth  group  might  be  placed 
anomalies  of  the  minuter  structure 
and  organisation   of    the    brain- 


the  brain.     These   two   types 


Fig.  220.     Brain    of    the    mickocb- 

PHALIC   CHILD  HBLEN  BeCKER. 

(Died  at  the  age  of  8 :  from  von  Bisch- 
off:  weight  of  the  brain  219 
grammes,  instead  of  the  normal 
(Vierokdt)  1377  grammes) 


Fig.  221.    Brain  weighing  600  grammes. 
{From  an  imbecile  epileptic  woman  of  SI :  reduced  to  three-fourths  of  the  natural  size) 
a    frontal  lobes  6    central  convolutions  c   occipital  lobes  d    uncovered 

cerebellum        e    undeveloped  parietal  lobes  with  membranous  gyri        /    atten- 
uated eyri  of  the  right  frontal  lobe 
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substance,  though  such  anomalies  are  often  merely  local  mani- 
festations of  agenesis  or  hypoplasia.  Lastly,  certain  conditions  of 
hypertrophy  might  also  be  counted  among  the  malformations. 

Hypoplasia  of  the  entire  brain  occurs,  first,  in  the  condition 
termed  micrencephalia  (Fig.  220),  in  which  the  hypoplasia  is 
accompanied  by  smallness  of  the  skull  itself,  in  other  words  by 
some  degree  of  microcephalia  (Fig.  219).  The  malformation  is 
sometimes  present  even  at  birth,  but  becomes  more  striking  when, 
while  the  rest  of  the  body  grows,  the  brain  and  skull  remain  in 
the  infantile  condition.      The  mass  of  the  brain,  which  in  men 


Fig.  222.    Hypoplasia  and  microgyria. 
From  the  left  cerebral  hemisphere  of  a  deaf-mute :  viewed  from  above  after  removal  of 

the  cerebellum :  two-thirds  of  the  natural  size) 
c    right  hemisphere  d    membranous  vesicle  in  the  region  of 

I    left  hemisphere  the  parietal  lobe 

I    undeveloped  left  occipital   lobe   with 
microgyria 


mounts  on  the  average  to  1375  grammes,  and  in  women  to  1245 
grammes,  varies  in  such  cases  from  900  to  200  grammes,  and  may 
;hus  be  even  below  the  normal  for  a  new-born  infant's  brain  (385 
frammes). 

The  general  formation  of  the  under-grown  cerebral  hemi- 
pheres  may  still  be  normal ;  but  there  is  often  deficiency  of  the 
econdary  sulci  (Fig.  220),  and  at  times  of  the  primary  sulci  or 
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fissures  also,  the  surface  of  the  brain  appearing  scantily  convoluted 
and  imperfectly  mapped  out  into  lobes.  In  other  cases,  on  the 
contrary,  the  gyri  are  here  and  there  abnormally  numerous  and 
attenuated  (Fig.  221  /),  the  condition  being  called  microgyria. 
It  sometimes  happens  that  certain  of  the  gyri  consist  of  little  more 
than  membranous  folds  (Fig.  221  e),  containing  no  proper  brain- 
substance. 

The  cerebellum  and  the  cerebral  axis  are  sometimes  stunted  as 
well  as  the  cerebrum  ;  but  these  parts  are  usually  less  retarded  in 
growth  than  the  latter.  The  cord  also  often  remains  abnormally 
small,  the  pyramidal  tracts  and  columns  of  GoU  being  the  parts 
chiefly  affected,  and  to  a  less  degree  the  anterior  columns  and  the 
direct  cerebellar  tracts. 


Fig.  223.    Fkontal  section  thkotjgh  the  brain  of  eig.  222. 

(Three-fourths  of  the  natural  size) 

a    right  hemisphere  d    temporal   lobe   with   dilated    inferior 

6    undeveloped  left  hemi.sphere  cornu   of   the  lateral  ventricle  and 

e    area  showing  microgyria  aplasia  of  the  middle-temporal  gyrus 

Partial  hypoplasia  of  the  brain  is  most  commonly  met  with 
in  the  cerebral  and  cerebellar  hemispheres  ;  it  may  also  involve 
some  portions  of  the  cerebral  axis.  The  diminution  in  size  of 
parts  of  the  cerebral  hemispheres  (Fig.  222  c  d}  gives  rise  to 
asymmetry  of  the  cerebrum,  and  is  often  associated  with  imperfect 
development  of  the  convolutions.  These  are  abnormally  small 
and  thin  (e),  or  the  brain-substance  is  here  and  there  represented 
only  by  a  thin-walled  vesicle  (c?),  the  cortex  and  the  white  matter 
at  the  affected  spots  being  entirely  undeveloped  (Fig.  223  dy  or 
at  least  stunted  in  their  growth  (e). 

Hypoplasia  of  the  cerebellum,  a  condition  in  which  the  devel- 
opment of  parts  or  the  whole  of  this  organ  is  arrested,  is  not 
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uncommon,  and  cases  are  met  with  in  which  the  size  of  the  whole 
cerebellum  is  not  greater  than  that  of  a  walnut.  Within  the  area 
of  hypoplasia  the  gyri  are  usually  much  diminished  in  size  (Fig, 
230),  so  that  we  might  describe  the  condition  as  cerebellar  micro- 
gyria. In  extreme  hypoplasia  of  the  cerebellum  the  tracts  con- 
necting it  with  the  pons  are  also  imperfectly  developed. 

Extreme  hypoplasia  of  the  cerebral  hemispheres  is  apt  to  be 
associated  with  defective  development  of  the  pyramidal  tracts. 
Among  the  deeper  and  basal  structures,  the  corpus  callosum  and 
the  fornix,  the  optic  thalami,  the  corpora  striata,  the  corpora 
mammillaria,  the  corpora  quadrigemina,  etc.,  are  sometimes 
found  to  be  stunted  or  defective. 

Hypoplasia  of  the  brain  was  formerly  explained  (Vogt)  as  due 
to  atavism ;  but  there  can  be  no  doubt  that  this  view  is  erroneous, 
and  that  such  hypoplasia  is  to  be  regarded  as  resulting  from 
arrest  of  development,  usually  idiopathic  but  sometimes  perhaps 
dependent  on  morbid  influences  exerted  during  the  period  of 
intra-uterine  growth.  In  a  few  cases  micrencephalia  is  caused  by 
premature  synostosis  of  the  cranial  bones. 
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109.  Partial  agenesis  of  the  cerebrum,  like  hypoplasia,  is 
most  commonly  met  with  in  the  region  of  the  cerebral  hemi- 
spheres ;  it  may  also  extend  to  the  deeper  portions,  and  in  partic- 
ular to  the  commissures.  When  parts  of  the  cerebrum  are  not 
properly  developed,  the  resulting  local  defects  are  bridged  over  by 
the  internal  meninges  (Fig.  224/^).  The  lacunae  are  then  filled 
up  by  the  accumulation  of  liquid  in  the  subarachnoid  spaces  and 
in  the  meshes  of  the  pia  mater.  At  times  an  equivalent  enlarge- 
ment of  the  adjoining  ventricle,  or  an  accumulation  of  liquid  in 
the  subdural  space,  takes  place. 


Fig.  224.    Frontal  section  through  the  brain  or  A  deaf-mute  with  bilateral 

HYPOPLASIA  AND  PARTIAL  AGENESIS  OP  THE  TEMPORAL  LOBES  AND  THE  CORTEX 
OF  THE  INSULA. 

( Three-fourths  of  the  natural  size) 


a  b    cerebral  hemispheres  /  f) 

c       upper  portion  of  the  left  temporal  lobe 
d  e    left  and  right  lenticular  nucleus  on  the       h 
outer  surface  of  which  the  claustrum      i 
and  cortex  of  the  insula  are  wanting 


cysts  formed  by  the  internal  me- 
ninges 
left  sylvian  fissure 
right  sylvian  fissure 


The  size  of  the  several  defects  varies  greatly  in  different  cases  : 
indeed  all  intermediate  stages  between  total  anencephalia  (as  in 
acrania)  and  small  circumscribed  lacunae  in  a  single  convolution 
(Fig.  225  a)  are  met  with. 

Among  the  deeper  and  basal  parts  those  most  liable  to  be 
wanting  are  the  corpus  callosum,  the  fornix,  the  grey  commissure 
of  the  third  ventricle,  and  the  corpora  mammillaria.  When  the 
corpus  callosum  is  absent  the  gyrus  fornicatus  and  the  gyrus 
hippocampi  are  usually  undeveloped,  and  some  of  the  remaining 
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gyri  are  often  irregularly  formed.  More  extensive  defects  involv- 
ing the  motor  cortical  area  are  generally  accompanied  by  imper- 
fections of  the  pyramidal  tracts. 

The  causes  of  partial  agenesis  are  often  incapable  of  being 
certainly  determined  :  we  may  assume,  however,  that  in  some 
instances  the  condition  has  its  origin  in  primary  anomalies  of 
development  inherent  in  the  primitive  rudiment  of  the  brain ;  in 
other  cases  it  arises  from  secondary  morbid  influences  such  as 
traumatism,  inflammation,  and  disorders  of  circulation.  In  some 
instances  agenesis  seems  to  depend  on  the  morbidly-perverted 
configuration  of  fissures  or  sulci ;  and  it  is  probable  that  certain 
of  the  peculiar  defects  in  the  cerebral  hemispheres  comprehended 
under  the  term  porencephalia  are  of  this  nature. 


Fig.  225.    Agenesis  of  isolated  portions  of  the  cerebral  coNvoiUTioifs. 

(From  a  woman  who  died  of  progressive  paralysis :  one-half  the  natural  size) 

a    cavernous  depressions 

The  typical  form  of  this  malformation  consists  of  fissure-like  or 
Eunnel-shaped  depressions  of  the  cortex  (Fig.  226  a  a  and  Fig. 
227  a  a).  They  are  usually  found  either  in  the  central  and  parie- 
tal lobes,  or  about  their  borders,  and  are  distinguishable  by  the 
fact  that  the  affected  gyri  are  not  destroyed,  but  only  interrupted 
by  a  deep  cleft,  up  to  the  edges  of  which  they  are  well  developed, 
[n  some  instances  they  appear  to  start  from  the  cleft  and  group 
themselves  about  it. 

Externally  these  defects  are  bridged  over  by  the  arachnoid 
(Fig.  226  h  and  Fig.  227  6),  while  the  pia  mater  (e)  clings  to  and 
follows  the  gyri  even  to  the  deepest  parts  of  the  depression, 
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Deeper  clefts  sometimes  reach  to  the  ependyma  of  the  ventricles 
(Fig.  226  c^),  or  even  communicate  with  their  cavities,  so  that 
when  the  pia  mater  is  removed  the  outer  aspect  of  the  basal 
ganglia  is  laid  bare  at  the  bottom  of  the  hollow  (Fig.  226  e). 

As  the  normal  fissures  are  due  to  infoldings  of  the  cerebral 
vesicle  while  it  is  still  thin-walled,  and  the  minor  sulci  arise  from 


Fig.  226.    PoBENCEPHAiiio  left  hemisphere  of  a  child  of  ten  weeks. 

{]!^atural  size) 
a    large  cleft-like  depression  d    roof  of  the  lateral  ventricle  laid  open 

6    cut  edge  of  the  arachnoid  and  thrown  outwards 

c    pia  mater  e    optic  thalamus 


v    A 


\1    I  \  " 


Fig.  227.    Porencephalic  right  hemisphere  op  a  child  of  ten  weeks. 

{Natural  size) 
a    large  cleft-like  depression  6    cut  edge  of  the  arachnoid  e    pia  mater 
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the  unequal  growth  of  particular  portions  of  the  developing  hemi- 
spheres, we  may  fairly  assume  that  pathological  infoldings  during 
the  second  and  third  months  of  embryonic  life,  or  irregularities  in 
the  growth  of  the  brain  in  the  later  months  (perhaps  occasioned 
by  morbid  accumulation  of  liquid  in  the  subarachnoid  spaces)  are 
the  efficient  causes  of  pathological  fissures  and  clefts  and  of 
abnormally  deep  cortical  sulci.  It  is,  however,  to  be  observed 
that  very  similar  fissures  and  funnel-like  depressions  sometimes 
arise  from  partial  destruction  of  the  cortical  and  medullary  brain- 
substance  ;  and  we  might  describe  these  as  a  second  and  atj^ical 
variety  of  porencephalic  defect,  of  intra-uterine  origin  but  distin- 
guishable from  true  porencephalia.  The  term  pseudo-poren- 
cephalia  would  serve  to  indicate  the  distinction. 

Porencephalia  (or  porencephalus)  is  used  by  different  writers  in  different 
senses.  Some  would  limit  it  to  congenital  defects  of  the  brain ;  others  would 
extend  it  to  acquired  defects.  Some,  again,  apply  it  only  to  local  and  circum- 
scribed depressions,  while  others  do  not  hesitate  to  describe  absence  of  an 
entire  hemisphere  as  porencephalus.  It  is  advisable  to  use  the  term  only  for 
certain  definite  varieties  of  congenital  defect  of  substance,  or  at  least  to  give 
some  indication  of  the  meaning  attached  to  it  in  any  given  case. 

References  on  Defects  of  the  Brain,  Porencephalia,  and  Absence 
of  the  Corpus  Callosum  (see  also  Art.  108) 

Ahlfeld  :  Die  Missbildungen  des  Menschen  ii  Leipzig  1882 

AuDKY :  Porencephalia  ReiK  de  mad.  viii  1888 

BiANCHi :  Porencephalia  La  psichiatria  Naples  1884 

BiNSWANGER  :  Malformations  of  the  brain  (porencephalia)  V.  A.  87  1882  and 

102  1885 
Chiari  :  Jahrh.f.  Kinderheilk.  xv  Leipzig  1882 
DE  LA  Croix  :  Porencephalia  V.  A.  97  1884 
FOrster  :  Missbildungen  d.  Menschen  Jena  1885 
Heschl  :   Prager  Vierteljahrsschr.  1859,  1861,  1868;  Jahrh.f.  Kinderheilk.  xv 

1882,  and  Arch.  d.  Gesellsch.  d.  Aerzte  Vienna  1878 
Heydenreich:  Hemiacrania;  trilobate  encephalon  V.  A.  100  1885 
Huppert  :  Absence  of  corpus  callosum  A.  d.  Heilk.  1871 
Jelgersma  :  Absence  of  corpus  callosum  Biolog.  Centralbl.  ix  1890 
Jolly  :  Absence  of  corpus  callosum  Z.  f.  rationale  Med.  xxxiv  1869 
Kaufmann:  Absence  of  corpus  callosum  A.f.  Psych,  xviii  1887 
Kirchhofp:  Defects  of  the  cerebrum  A.f.  Psych,  xviii  1887 
Klebs  :  Hydro-  and  micro-anencephalia  Oe-fterr.  Jahrh.  f.  Padintrik  1876 
KuNDRAT :  Die  Porencephalic  Graz  1892,  and  Die  A  rhinencephalie  Graz  1882 
Marchand:  Development  of  corpus  callosum  A.f.  mikrosk.  Anat.  37  1891 
Onufrowicz:   Absence  of  corpus  callosum  in  the  brain  of  a  microcephalic 

patient  (Hofmann)  A.f.  Psych,  xviii  1887 
Otto:  Porencephalia  A.f.  Psych,  xvi  1885 
Ribbert:  Origin  of  aneiicephalia  V.  A.  93  1883 
Richter:  The  gyri  of  the  human  brain  V.  A.  106  1886 
Ross :  Porencephalus  B.  M.  J.  i  1882 
Sander:  Absence  of  corpus  callosum  A.f.  Psych.  1 1868 
Schattenberg  :  Porencephalia  in  an  adult  Ziegler's  Beilrage  v  1889 
ScHtJLE  :  Case  of  arrested  development  Z.f.  Psych.  26  1869 
SiGMUNDT :  Porencephalia  Inaug.  Diss.  Strassbui-g  1893  (with  references) 
Sperling:  Porencephalia  T'.  A.  91  1883 
Zuckerkandl:  Med.  Jahrh.  d.  Gesellsch.  d.  Aerzte  Vienna  1883 
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110.  When  the  bulk  of  the  brain  is  too  small  relatively  to  the 
cranial  cavity,  the  space  not  occupied  by  the  brain  and  membranes 
is  filled  up  with  cerebrospinal  liquid,  and  the  result  is  hydro- 
cephalic micrencephalia,  or  hydrocephalic  partial  anencephalia. 
The  morbid  accumulation  of  liquid  takes  place  either  in  the 
ventricles  or  in  the  subarachnoid  spaces,  and  accordingly  we  have 
the  two  forms — internal  hydrocephalus  or  ventricular  dropsy,  and 
external  or  meningeal  hydrocephalus. 


Fig.  228.    Congenital  ventricular  and  meningeal  hydrocephalcs. 

{Frontal  section  of  the  cranial  cavity  of  a  synophthalmous  microstomous  foetus  viewed 
from  behind :  four-fifths  of  the  natural  size) 


a   skin  and  subcntaneous  tissue 

b    cranial  vault 

e    dura  mater 

d    tentorium 

e    arachnoid  membrane 

/  posterior  surface  of  the  cerebrum,  re- 
duced to  a  thin-walled  vesicle  and 
covered  with  the  pia  mater 

g    rounded  border  of  the  cerebral  vesicle 


subarachnoid  space  behind  the  cerebral 
vesicle 

cavity  of  the  cerebral  vesicle  communi- 
cating with  the  subarachnoid  space 
by  the  enlarged  transverse  fissure 

section  through  the  corpora  quadri- 
gemina 

section  through  the  cerebellum 

atlas 


The  accumulation  of  liquid  is  in  many  cases  simply  complemen- 
tary, an  effusion  ex  vacuo,  and  appears  in  the  vicinity  of  the  local 
defects ;  sometimes  therefore  the  subarachnoid  spaces  (Fig.  226  b, 
Fig.  225  a,  and  Fig.  224  /^),  and  sometimes  these  together  with 
portions  of  the  ventricles  (Fig.  222  d),  are  the  seat  of  the  hydro- 
cephalic accumulation.  But  the  morbid  outpouring  of  liquid  is 
undoubtedly  in  certain  cases  primary,  though  in  many  instances 
it  is  impossible   to   decide  whether  the   disturbance   of   normal 
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development  or  the  accumulation  of  liquid  was  the  initial  mani- 
festation. 

When  the  ventricular  dropsy  in  a  case  of  congenital  malforma- 
tion of  the  brain  is  a  prominent  and  characteristic  feature,  the 
condition  is  usually  known  as  congenital  internal  or  ventricular 
hydrocephalus.  If,  in  addition,  the  volume  of  the  brain  is  abnor- 
mally small,  the  case  may  be  regarded  as  an  example  of  hydro- 
cephalic micrencephalia. 

Internal  hydrocephalus  is  in  many  cases  due  to  some  disorder 
of  development  dating  from  early  embryonic  life,  the  cerebrum  at 
birth  having  the  appearance  of  a  thin-walled  vesicle  (Fig.  228  i), 
which  either  fills  the  cranial  cavity  or  is  covered  externally  by  a 
layer  of  liquid  lying  within  the  subarachnoid  spa,ces  (A).  Such 
extreme  disturbances  of  development  are  observed  chiefly  in 
infants  whose  heads  are  externally  malformed,  for  instance  in 
cases  of  cyclopia  or  synophthalmia  (Fig.  228). 

If  the  morbid  accumulation  of  liquid  takes  place  at  a  later 
period,  when  the  brain  is  already  developed,  the  general  config- 
uration of  the  cerebrum  is  undisturbed,  and  the  chief  feature  of 
the  affection  is  the  dilatation  of  the  ventricles  (Fig.  229  a  b  c). 
The  dilatation  is  sometimes  bilateral  and  symmetrical,  sometimes 
unsymmetrical  (e),  and  sometimes  unilateral. 

At  birth  the  enlargement  is  at  times  but  slight,  or  it  may 
be  already  considerable,  so  that  the  circumference  of  the  cranial 
portion  of  the  head  more  or  less  notably  exceeds  the  normal  meas- 
urement. After  birth  the  accumulation  of  liquid  is  liable  to  pro- 
gressive increase,  the  ventricles  becoming  enormously  distended. 
The  size  of  the  cranium  increases  more  and  more,  and  the  over- 
lying skin  becomes  thin,  the  subcutaneous  veins  showing  clearly 
through  it.  The  several  cranial  bones  are  visibly  separated  from 
one  another,  and  even  when  their  normal  rate  of  growth  is  in- 
creased they  are  unable  to  keep  pace  with  the  rapid  expansion  of 
the  cranial  contents.  The  fontaneUes  are  thus  widened,  and  the 
sutural  edges  of  the  bones  are  forced  more  and  more  asunder. 
Usually  small  supernumerary  bones  are  developed  in  the  mem- 
branous sutures  and  in  the  fontaneUes  (Fig.  132). 

When  at  length  death  ensues,  the  dura  mater,  pia  mater,  and 
arachnoid  are  stretched  to  the  utmost,  the  gyri  are  depressed  and 
flattened  out,  and  the  sulci  are  effaced.  The  cerebral  substance 
of  the  hemispheres  surrounding  the  ventricles,  which  are  expanded 
into  large  vesicular  cavities,  is  reduced  to  a  mere  thin-walled  cap- 
sule, which  on  the  convexity  is  often  but  a  few  millimetres  in 
thickness. 

The  liquid  in  the  ventricles  is  clear  and  pale  or  light-yellow ; 
the  ependyma,  apart  from  its  distension,  is  unchanged ;  the  basal 
ganglia  are  flattened  out.  The  fourth  ventricle  and  the  cerebellum 
are  usually  unaltered,  though  the  former  is  sometimes  enlarged. 

The  condition  described  is  that  met  with  in  many  cases :  in 
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others  tlie  lateral  ventricles  are  less  distended,  or  the  dilatation 
is  limited  to  one  ventricle,  or  even  to  a  part  of  one.  One  lateral 
ventricle,  for  example,  may  be  so  stretched  that  its  roof  consists 
merely  of  a  thin  membrane,  while  the  other  ventricle  remains 
undistended.  In  like  manner  the  fourth  ventricle  is  sometimes 
alone  dilated.  In  these  cases  the  cranial  cavity  is  usually  not 
enlarged,  the  space  for  the  expansion  of  the  ventricle  being  gained 
by  atrophic  contraction  of  the  rest  of  the  brain. 

Hydrocephalus  of  extreme  degree  leads  to  a  fatal   issue ;  in 
less   marked    cases    the    patient    sometimes    continues    to    live 


Fig.  229.    Frontal  section  through  the  brain  of  a  hydrocephalic  idiot. 

(^Reduced  to  two-thirds  of  the  natural  size) 

a  b    dilated  lateral  ventricle  c    dilated  descending  cornu  on  the  right  side 


(Fig.  229).  If  the  hydrocephalus  is  at  all  considerable,  the  brain 
becomes  in  part  atrophic,  the  compressed  portions  becoming 
wasted,  and  the  nerve-cells  and  nerve-fibres  undergoing  atrophy 
and  calcification. 

When  the  fourth  ventricle  is  moderately  distended,  the  cere- 
bellum, the  pons,  and  the  medulla  oblongata,  or  portions  of  these, 
are  apt  to  remain  ill-developed. 

If  the  bydrocephalus  is  only  slight,  and  does  not  increase  after 
birth,  the  after-development  of  the  brain  in  some  instances  pro- 
ceeds in  a  normal  way. 
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The  cause  of  congenital  internal  hydrocephalus  is  still  obscure. 
There  are  often  no  traces  of  changes  capable  of  being  regarded  as 
inflammatory,  nor  as  a  rule  can  any  obstruction  to  the  outflow  of 
venous  blood  be  made  out  with  certainty.  Nevertheless,  in  par- 
ticular cases  the  meninges  or  the  choroid  plexuses  exhibit  thick- 
enings that  are  referable  to  past  inflammation.  A  less  doubtful 
sign  of  inflammation  is  turbidity  of  the  ventricular  contents,  due 
to  the  presence  of  pus-corpuscles.  It  is  possible  that  the  affec- 
tion in  many  instances  depends  on  closure  of  the  communications 
between  the  cavities  of  the  ventricles  and  the  subarachnoid  spaces 
in  the  transverse  fissure.  These  have  appeared  to  be  closed  in 
some  at  least  of  the  cases  that  have  been  described.  As  the 
lining  pia  mater  of  the  transverse  fissure  in  such  cases  is  apt  to 
be  abnormally  dense,  perhaps  the  circulation  in  the  veins  of  Galen 
is  also  obstructed. 

When  the  cranial  cavity  is  not  enlarged  and  the  convolutions 
not  flattened  by  pressure,  while  the  ventricles  are  dilated,  it  seems 
natural  to  assume  that  the  dilatation  is  due  to  agenesis  or  aplasia 
of  the  brain,  and  that  the  accumulation  of  liquid  serves  to  fill  up 
the  unoccupied  space  (hydrops  ex  vacuo'). 

In  unilateral  hydrocephalus  the  foramen  of  Monro  has  in 
certain  cases  been  found  to  be  closed.  When  portions  only  of  a 
ventricle  are  dilated  and  cystic,  the  neighbouring  portions  of  the 
cavity  are  often  obliterated,  the  cyst  being  thus  shut  in  on  all 
sides. 

References  on  Congenital  Hydrocephalus. 

Bauer  :  Jahrb.f.  Kinderheilk.  new  series  xi  Leipzig  1878 

Billroth  r  Langenbeck's  Arch,  iii  1862 

BuTTENWiESBR :  D.  A.f.  Uin:  Med.  x  1872 

VON  GuNZ  :  Jahrb.f.  Kinderheilk.  v  Vienna  1862 

Hanel:  Jahrb.  f.  Kinderheilk.  new  series  i  Leipzig  1868 

Harris  :  Trans.  Obstetric.  Soc.  vi  London  1864 

Heubner:  Art.  Hydrocephalus  Eulenhurg's  Realencyklop. 

Koller  and  Schmidt  :  Jahrb.f.  Kinderheilk.  vi  Vienna  1863 

Maennel  :  Jahrb.  f.  Padiatrik  1876 

Papp  and  Neupauer  :  Jahrb.  f.  Kinderheilk.  new  series  vii  Leipzig  1874 

Steffen  :   Gerhardt's  Handh.  d.  Kinderkrankh.  v 

Szymanowsky  :  Langenbeck's  Arch,  vi 

ViRCHOw,  H. :  Congenital  hydrocephalus  and  microcephalus  Kolliker's  Fest- 
schrift 1887 

ViRCHOW,  R. :  Gesamm.  Abhandlungen  Frankfort  1856 ;  Die  krankhaften  Ge- 
schwUlste  I 

West  :  Jahrb.f.  Kinderheilk.  new  series  ix  Leipzig  1876 

111.  Pathological  anomalies  in  the  minute  histological 
structure  of  the  brain  may  naturally  be  assumed  to  exist,  first 
of  all,  in  cases  that  exhibit  to  the  naked  eye  evidence  of  imperfect 
development,  such  as  general  or  local  hypoplasia  or  local  agenesis. 
Thus  in  hypoplasia  of  the  cerebellum  (Fig.  230)  the  several  layers 
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of  the  cortex  (^a  b  c  d)  in  the  attenuated  gyri  are  either  imper- 
fectly formed  (a^  c^)  or  absent,  and  the  diminution  of  bulk  is  due 
to  scantiness  of  the  characteristic  cells  and  cell-processes.  Spe- 
cial forms,  like  the  cells  of  Purkinje,  may  be  entirely  wanting. 
The  like  is  true  of  ill-developed  portions  of  the  cerebrum.  When 
some  of  the  ganglion-cells  of  the  cortex  are  not  developed,  the 
corresponding  nerve-processes  in  the  white  matter  are  of  course 
absent  also. 

A  second  variety  of  morbid  histological  structure  is  exempli- 
fied in  cases  of  heterotopia  of  the  grey  matter.  This  malfor- 
mation is  characterised  by  the  presence  of  grey  nodules  or  streaks 


Fig.  230.    Hypoplasia  of  the  cortex  of  the  cekebellum. 

(From  a  man  aged  25,  who  died  in  an  epileptic  attack:  preparation  hardened  in 
MUller' s  fluid  and  alcohol,  stained  with  haematoxylin  and  carmine,  and  mounted  in 
Canada  balsam :  x  25) 

A    normal  gyrus  c  normal  granular  layer 

-B    atrophic  gyrus  Cj  atrophic  granular  layer 

a    normal  external  layer  d  cells  of  Purkinje 

atrophic  external  layer  e  medullary  substance 

normal  intermediate  layer 
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in  the  white  matter  of  the  cerebrum  or  cerebellum,  due  to  the 
development  iu  these  parts  of  tissue  rich  in  nerve-cells  but  poor 
in  medullated  fibres.  Another  variety  of  abnormal  structural 
development  is  shown  in  morbid  variations  of  the  texture  of  the 
neuroglia,  sometimes  with  anomalous  nerve-cells  and  nerve-fibres, 
giving  rise  either  to  induration  or  to  the  formation  of  grey  sclerotic 
patches  (Art.  96)  or  gliomatous  tumours  (Art.  121). 

Hypertrophy  of  the  brain,  manifested  by  the  abnormal  size 
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of  iihe  organ,  sometimes  takes  place  during  the  growing  stage  in 
early  life.  Cases  are  recorded  in  whicli  tlie  brain  weighed  as  much 
as  2200  grammes  (brain  of  Byron,  1807  grammes ;  of  Cuvieb, 
1861  grammes ;  of  Turgenieff,  2012  grammes;  of  Cromwell, 
2000  grammes).  Great  brain- weight  may  be  associated  with  high 
intellectual  gifts,  but  the  opposite  is  also  true.  Moreover,  a  brain 
whose  size  and  weight  are  below  the  average  may  be  associated 
with  great  mental  capacity. 

All  the  malformations  of  the  brain  described  in  Arts.  108-111,  when  they 
are  not  incompatible  with  life,  and  development  follows  in  other  respects  a  nor- 
mal course,  are  apt  to  be  associated  with  more  or  less  important  disturbance 
of  the  cerebral  functions.  In  extreme  malformation  mental  development  is 
arrested,  and  the  condition  known  as  idiocy  results.  It  is  impossible,  how- 
ever, to  assign  any  particular  malformation  as  the  invariable  anatomical  basis 
of  idiocy ;  there  is  no  such  thing  as  an  idiotic  brain.  In  idiocy,  indeed,  we 
may  have  imperfect  development  of  the  entire  cortex,  hydrocephalic  enlarge- 
ment of  the  ventricles,  or  local  defect  or  hypoplasia  such  as  smallness  of  the 
occipital  lobe,  microgyria,  and  the  like.  In  other  cases  the  brain  in  idiocy 
exhibits  what  are  apparently  but  slight  and  insignificant  malformations,  such 
as  heterotopia  of  the  grey  matter  of  the  cortex,  absence  or  smallness  of  the 
corpora  inammillaria,  corpus  callosum,  fornix,  thalamus,  optic  nerves,  corpus 
striatum,  pineal  gland,  or  olivary  bodies,  irregularity  and  imperfection  of  the 
gyri,  asymmetry  of  the  hemispheres,  defective  development  or  absence  of  asso- 
ciative fibres,  and  so  on.  There  are  cases  also  in  which,  so  far  as  we  are  able 
to  perceive,  the  anatomical  relations  of  the  brain  are  altogether  normal.  In 
others  again  idiocy  is  associated  with  hypertrophy  of  the  brain  due  to  increase 
of  the  neuroglia.  Lastly,  ischaemic  and  inflammatory  processes  of  destruction 
affecting  the  cerebral  cortex  sometimes  induce  idiocy.  On  the  other  hand, 
malformations  such  as  those  just  described,  or  even  still  greater  defects,  may 
exist  in  the  brain,  though  during  life  there  is  nothing  whatever  to  indicate 
their  presence. 

In  cretinism,  as  in  sporadic  idiocy,  no  special  and  characteristic  defect  of 
the  brain  can  be  demonstrated. 

Benedikt  has  for  some  years  maintained  that  in  habitual  criminals 
certain  peculiarities  of  configuration  constantly  recur  in  the  cerebral  surface, 
and  infers  that  such  criminals  represent  an  anthropological  variety  of  the 
human  race.  Their  brains  are  said  to  resemble  in  some  points  those  of  lower 
animals,  and  are  characterised  by  a  tendency  of  the  sulci  to  run  into  one  another, 
so  that  they  are  continuous  at  points  where  in  normal  brains  they  would  be  inter- 
rupted. This  hypothesis  is,  however,  untenable.  Apart  from  the  fact  that  it  is 
impossible  to  settle  the  exact  definition  of  the  term  criminal,  investigation  has 
shown  that  such  deviations  from  the  normal  type  occur  in  the  brains  of  persons 
who  have  never  made  themselves  liable  to  penal  proceedings. 

The  like  holds  good  for  the  anomalies  and  malformations  of  the  brain 
which  are  found  in  persons  afilicted  with  mental  diseases,  epilepsy,  etc.  None 
of  these  abnormalities  are  characteristic  of  any  particular  morbid  condition, 
and  they  are  met  with  in  the  brains  of  persons  whose  cerebral  functions  were 
normal.  All  that  we  can  say  is  that  malformations  of  the  brain,  both  serious 
and  trifling,  are  more  frequent  in  persons  whose  mental  activities  are  in  some 
degree  aberrant  than  in  those  whose  minds  are  normal.  Thus  heterotopia  qi 
the  grey  matter  has  been  met  with  chiefly  in  lunatics,  idiots,  and  epileptics; 
while  in  cpes  of  progressive  paralytic  dementia  it  is  not  uncommon  to  find 
malformation  of  the  brain  in  addition  to  the  cortical  changes  characteristic  of 
the  disease. 

Defects  of  substance  in  parts  which  we  know  by  experience  to  be  the  seats 
of  the  centres  for  certain  special  functions,  or  which  are  traversed  by  certain 
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conducting  tracts,  naay  lead  not  only  to  imperfect  mental  development,  but  also 
to  local  disorders  of  the  motor  or  sensory  functions,  including  those  of  the 
special  senses. 
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CHAPTER   XXXVIII 
DISORDERS  OF  THE  CEREBRAL   CIRCULATION 

112.  The  quantity  of  blood  contained  in  the  brain  and  its 
membranes  is  subject  to  very  considerable  physiological  vari- 
ations. It  is  greater  during  periods  of  increased  mental  activity 
than  during  intervals  of  rest. 

Increased  afflux  of  blood  to  a  particular  vascular  region  causes 
an  efflux  of  the  circumvascular  lymph,  and  of  the  cerebro-spinal 
liquid  from  the  subarachnoid  spaces  and  the  ventricles,  into  other 
parts.  When  the  hyperaemia  is  general,  space  is  found  for 
the  excess  of  blood  by  the  efflux  of  cerebro-spinal  liquid  into 
the  lymph-vessels  of  the  head,  neck,  and  trunk,  and  into  the 
venous  sinuses  of  the  dura  mater. 

Morbid  congestive  hyperaemia  of  the  brain  is  occasioned 
when  l;he  activity  of  the  heart  is  abnormally  increased,  or  when 
the  resistance  to  dilatation  of  the  afferent  arteries  or  of  the  ar- 
terioles of  the  meninges  and  the  brain-substance  is  diminished. 
In  the  latter  case  the  hyperaemia  may  remain  local. 

General  passive  hyperaemia  or  venous  engorgement  takes 
place  when  the  return  of  the  blood  from  the  cranial  cavity  and 
the  spinal  canal  is  checked,  as  it  is  for  instance  in  certain  diseases 
of  the  heart  and  lungs.  Moreover,  paralytic  dilatation  of  the 
cerebral  arteries,  by  increasing  the  intra-cranial  pressure,  some- 
times leads  to  obstruction  of  the  venous  circulation,  or  intensi- 
fies this  condition  if  it  already  exists  (Geigbl,  Geashey). 

Local  engorgement  is  generally  due  to  intra-cranial  vascular 
thrombosis,  or  to  tumours  and  exudations  pressing  upon  and 
obstructing  the  veins. 

The  signs  of  hyperaemia  are  most  apparent  in  the  meninges, 
whose  vessels  are  more  or  less  tensely  distended  with  blood,  and 
owing  to  the  transparency  of  the  internal  membranes  (pia  mater 
and  arachnoid)  can  be  followed  to  their  minutest  ramifications. 
It  must  however  be  kept  in  mind  that  the  post-mortem  appearances 
are  far  from  representing  precisely  the  conditions  that  prevailed 
during  life,  for  as  soon  as  death  takes  place  the  blood  is  in  a 
measure  free  to  pass  out  of  the  cranial  cavity,  while  that  which 
remains  tends  to  sink  to  the  parts  that  are  most  dependent. 
Hyperaemia  of  the  white  matter  is  recognisable  after  death  only 
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by  the  distension  of  the  smaller  veins,  which  on  section  allow 
their  contents  to  exude  as  drops  of  blood  of  various  sizes.  Diffuse 
reddening  of  the  tissue  from  dilatation  of  the  capillaries  is  very 
uncommon  after  simple  hyperaemia,  owing  to  the  fact  that  the 
coagulation  or  post-mortem  rigidity  of  the  white  matter  squeezes 
most  of  their  contents  out  of  the  capillaries,  while  the  opacity 
of  the  tissue  prevents  the  red  tint  from  shining  through. 

In  the  grey  matter  both  the  minuter  venules  and  the  capil- 
laries may  remain  filled  with  blood,  the  latter  by  ttieir  distension 
giving  rise  to  a  diffuse  or  mottled  reddening  of  the  tissue. 

Anaemia  of  the  brain  is  manifested  by  the  comparative 
emptiness  of  the  arterioles  and  veins  of  the  pia-arachnoid  mem- 
branes, and  by  the  paleness  of  the  grey  matter.  The  white  matter 
on  section  shows  few  or  no  drops  of  blood  on  its  surface. 

Cerebral  anaemia  may  be  merely  one  result  of  general  anaemia, 
or  it  may  be  due  to  morbid  congestion  of  other  organs  or  parts  of 
the  body  (collateral  anaemia).  In  some  cases  again  it  results 
from  narrowing  of  the  afferent  arteries  owing  to  spasmodic  con- 
traction or  thickening  of  the  arterial  walls,  or  from  changes 
within  the  cranium  that  interfere  with  the  influx  of  blood.  Such 
changes  as  diminish  the  available  space  within  the  cranial  cavity 
act  in  the  last  mentioned  way,  namely  subarachnoid  effusion, 
dropsy  of  the  ventricles,  tumours,  extravasations  of  blood  in  the 
subdural  space  or  in  the  brain,  and  the  like. 

If  a  still  greater  exudation  of  liquid  from  the  vessels  takes 
place,  either  in  consequence  of  vaso-motor  disturbances  or  owing 
to  changes  in  the  vascular  walls,  and  if  the  excess  is  not  removed 
by  a  correspondingly  increased  efflux  of  lymph,  oedema  of  the 
brain  is  induced.  This  condition  is  characterised  chiefly  by 
abnormal  moistness  and  lustre  of  the  tissue  on  section,  the  cut 
surface  allowing  liquid  to  escape,  chiefly  from  the  enlarged  adven- 
titial l3Tnph-spaces  surrounding  the  vessels. 

General  passive  oedema  arises  from  failure  of  the  heart's 
functional  activity  or  from  interference  with  the  circulation  in 
the  lungs,  as  well  as  from  thrombosis  of  the  sinuses  of  the  dura 
mater.  Local  passive  oedema  is  very  common  in  the  tissue 
adjacent  to  tumours,  haemorrhagic  patches,  thrombosed  veins, 
and  so  on. 

Oedema  from  auto-intoxication  (uraemia)  arises  chiefly  in 
connexion  with  nephritis. 

Inflammatory  oedema  involving  the  entire  brain  is  usually 
a  result  of  general  infection :  when  it  involves  only  a  limited 
portion  of  the  brain,  it  is  often  an  accompaniment  or  a  conse- 
quence of  local  inflammation,  softening,  haemorrhage,  or  tumour. 
According  to  certain  authorities,  excessive  congestive  hyperaemia 
of  the  brain,  by  increasing  the  intra-cranial  pressure  and  so  com- 
pressing the  veins,  is  capable  of  giving  rise  to  cerebral  oedema, 
especially  in  children. 
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Engorgement  or  inflammation  involving  the  ventricular 
plexuses  sometimes  leads  to  the  accumulation  of  liquid  in  the 
cerebral  ventricles,  a  condition  described  as  acquired  hydro- 
cephalus (hydrops  ventriculorum).  Like  congenital  hydrocepha- 
lus it  is  associated  with  dilatation  of  the  ventricles  concerned. 
"When  acute  it  is  usually  the  consequence  of  inflammatory  pro- 
cesses :  the  chronic  form  on  the  other  hand  is  generally  due 
to  venous  engorgement,  and  is  often  induced  by  tumours  that 
impede  the  outflow  of  venous  blood  from  the  ventricles. 

Both  the  acute  and  the  chronic  forms  are  oftenest  met  with  in 
the  lateral  ventricles,  but  dilatation  of  the  fourth  ventricle  due  to 
accumulation  of  liquid  within  it  is  by  no  means  rare. 

Dropsy  of  the  ventricles,  whether  from  engorgement  or  from 
inflammation,  induces  a  certain  amount  of  compression  of  the  brain- 
substance,  and  this  naturally  leads  to  flattening  of  the  convolu- 
tions over  the  affected  part.  When  the  hydrocephalus  is  extreme 
the  convolutions  are  apt  to  be  altogether  effaced,  whUe  the  sub- 
arachnoid liquid  is  driven  away;  the  surface  of  the  meninges  ac- 
cordingly appears  dry,  and  the  sulci  almost  cease  to  be  traceable. 
The  pial  vessels  are  often  emptied  by  the  compression,  so  that 
only  a  few  of  those  lying  in  the  sulci  contain  any  blood. 

Dilatation  of  the  ventricles  may  also  arise  from  diminution  of 
the  mass  of  the  brain-substance;  the  contents  of  the  ventricles 
increase  as  the  volume  of  the  brain  decreases,  and  occupy  the 
space  left  free  by  the  shrinkage  (hydrops  ex  vaoiio').  In  this 
form  of  ventricular  dropsy  the  convolutions  are  not  flattened. 
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CHAPTER   XXXIX 
ATROPHY   OJ^  THE  BKAIN 

113.  General  atrophy  of  the  brain,  or  at  least  of  a  consider- 
able portion  of  it,  is  not  uncommon  as  an  accompaniment  of 
advanced  old  age,  and  is  now  and  then  so  marked  that  the  bulk 
of  the  brain  is  very  greatly  reduced,  the  gyri  are  notably  attenuated, 
and  the  sulci  are  widened.  The  reduction  of  bulk  is  due  to 
wasting  of  the  nerve-substance,  affecting  the  meduUated  nerve- 
fibres  as  well  as  the  ganglion-cells,  and  the  cortex  as  well  as  the 
white  matter. 

In  less-marked  atrophy  the  brain-substance  appears  to  the 
naked  eye  unchanged;  while  in  extreme  atrophy  the  adventitial 
lymph-channels  are  sometimes  dilated,  so  that  the  vessels  appear  to 
lie  loose  within  empty  sheaths.  Very  small  patches  of  softening  are 
often  formed  at  the  same  time  in  scattered  spots  (Art.  114),  giving 
rise  to  a  sieve-like  appearance  of  the  brain  that  has  been  called 
the  Stat  crihU  and  compared  to  that  of  Gruyere  cheese.  The 
space  left  vacant  by  the  shrinkage  of  the  brain  is  usually  filled 
in  part  by  liquid  accumulated  in  the  subarachnoid  space,  in  part 
also  by  dropsical  distension  of  the  ventricles.  The  senile  form  of 
atrophy  of  the  brain  is  partly  active,  partly  passive;  in  other 
words  it  is  due  both  to  gradual  destruction  of  the  ganglion-ceUs 
and  nerve-fibres,  and  to  lowering  of  their  nutrition.  The  latter 
factor  probably  always  plays  an  important  part  in  well-marked 
atrophy,  and  depends  not  only  on  the  general  senile  failure  of 
nutrition,  but  also  on  local  impairment  of  the  circulation  caused 
by  narrowing  of  the  vessels  (Art.  114). 

Atrophy  in  earlier  periods  of  life,  in  manhood  or  in  youth,  is 
no  doubt  for  the  most  part  attributable  to  disorders  of  nutrition  : 
it  must  however  be  kept  in  mind  that  heredity  has  an  important 
share  in  the  causation  -of  these  conditions. 

Premature  degeneration  and  atrophy  of  the  nerve-fibres  and 
ganglion-cells  of  the  brain  are  most  frequently  observed  in  the  dis- 
ease known  as  progressive  general  paralysis,  or  paralytic  de- 
mentia, a  disease  characterised  by  gradual  failure  of  intelligence, 
emotional  instability,  and  insane  delusions.  The  causes  assigned 
for  this  affection  are  inherited  psychopathic  predisposition,  and 
noxious  influences  of  an  acquired  kind,  such  as  excessive  mental 
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exertion,  intense  emotional  disturbance,  alcoholism,  certain  infec- 
tive diseases  like  syphilis,  and  traumatic  injury.  Premature  cere- 
bral atrophy  is  also  met  with  in  some  cases  of  tabes  ( Jendbasshc), 
in  epilepsy  of  long  duration  (Zachee),  in  ordinary  insanity,  in 
sun-stroke  (Cramer),  in  poisoning  from  carbonic  oxide  gas,  etc. 

According  to  the  investigations  of  Tuczek,  Zacher,  Fried- 
MANN,  and  others,  both  the  meduUated  nerve-fibres  of  the  cortex  and 
white  matter,  and  to  a  less  extent  the  ganglion-cells  of  the  cortex 


Fio.  231. 


(Preparation  hardened  in  Mailer's  fluid  and  alcohol,  stained  with  alum-carmine  and 
ammonium  carminate,  and  mounted  in  Canada  balsam  :  X  150) 


a    arachnoid 

b    subarachnoid  tissue 

c    pia  mater 

d    superficial  layer  of  slender  fibres 

e  layer  with  few  cells  in  the  external 
principal  stratum :  the  ganglion-cells 
have  disappeared  in  this  layer  and 
numerous  stellate  groups  of  lustrous 
fibres  are  visible  in  it 

/  layer  with  many  cells :  within  this  layer 
the  ganglion-cells  at  g  have  disap- 


peared and  the  tissue  Is  reduced  to  a 

fine  reticulum 
h    cellular  infiltration  of  the  pia  mater 
i     unaltered  blood-vessels 
ii    pial  sheath  of  blood-vessel  infiltrated 

with  round-cells 
ia   pial  sheath  of  blood-vessel  containing 

round-cells  and  pigment 
k    ganglion-cells  of  the  cellular  layer 
m  neuroglia-ceUs 
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(Fig.  231 /^),  are  liable  to  disappear  in  progressive  paralysis; 
these  two  sets  of  atrophic  changes  may  be  so  considerable  in 
amount  that  the  brain  loses  greatly  in  bulk,  the  gyri  becoming 
attenuated  and  the  sulci  widened.  In  the  spinal  cord  the  pyra- 
midal tracts  and  posterior  columns  occasionally  undergo  degener- 
ative changes. 

In  extreme  atrophy  (Fig.  231)  the  number  of  ganglion-cells  is 
diminished,  both  in  the  superficial  layer,  which  normally  contains 
but  few  cells  (e),  and  in  the  underlying  stratum  which  abounds 
in  closely-set  pyramidal  cells  (/);  in  some  parts  indeed  the  cells 
are  entirely  absent  (^),  so  that  when  a  section  is  mounted  in 
Canada  balsam  its  tissue  appears  discontinuous  and  perforated. 
The  weight  of  an  atrophic  brain  may  be  less  than  1000  grammes. 

The  atrophy  of  the  nerve-elements  in  progressive  general  par- 
alysis is  not  distributed  in  any  regular  way ;  it  may  affect  different 
elements  within  a  single  convolution.  The  frontal  lobe,  the  gyrus 
fornicatus,  and  the  island  of  Reil  are  apt  to  be  specially  affected. 
In  tabes  the  lower  and  posterior  portions  of  the  brain  appear  to 
be  liable  to  atrophy  in  spots  (Jendrassik).  The  ganglion-cells 
are  said  by  various  authorities  to  perish  by  simple  atrophy,  by 
pigmentary  and  hyaline  degeneration  and  sclerosis,  by  vacuolar 
degeneration,  by  dropsical  swelling,  etc.  Many  of  the  changes 
described  are  doubtless  caused  by  the  methods  employed  in  hard- 
ening the  brain  under  investigation.  It  is  probable  that  simple 
atrophy  and  fatty  degeneration  (Fig.  233)  are  the  most  common 
changes ;  at  any  rate  fatty  degeneration  may  often  by  suitable 
methods  be  demonstrated  over  a  considerable  extent  of  the  brain. 

Of  changes  accompanying  the  disappearance  of  the  nerve- 
elements  we  may  note  accumulations  of  leucocytes  (Fig.  231  t\), 
as  well  as  of  red  blood-corpuscles  and  yellow  pigment-granules 
(I'j),  within  the  adventitial  lymph-sheaths  of  the  cortical  vessels, 
and  sometimes  in  those  of  the  white  matter  of  the  brain  and  cord  ; 
together  with  similar  cellular  infiltrations  in  the  pia  mater  (c  K), 
some  surrounding  the  vessels,  and  others  more  widely  diffused. 
These  infiltrations  are  in  many  cases  so  abundant  and  so  extensive 
that  they  form  the  most  striking  of  all  the  morbid  appearances  in 
this  affection,  and  they  have  accordingly  led  to  the  entire  process 
being  described  as  a  chronic  meningo-encephalitis.  It  must  how- 
ever be  remembered  that  the  symptoms  of  progressive  paralysis 
may  exist  in  a  given  case  without  any  meningitis  that  can  be  dis- 
covered post  mortem.  Moreover  cases  of  marked  degeneration  of 
the  nerve-elements,  accompanied  by  very  insignificant  infiltration, 
suggest  that  the  inflammation  (if  present  at  all)  is  either  a  second- 
ary result  or  a  mere  accidental  concomitant  of  the  degeneration, 
and  that  the  essential  feature  of  the  affection  consists  in  the  degen- 
erative processes.  The  efficient  causes  of  the  degeneration  are,  as 
we  have  said,  probably  different  in  different  cases. 

Other  morbid  changes  to  be  mentioned  are  proliferation  and 
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hyaline  or  fatty  degeneration  of  the  vessel-walls,  and  overgrowth 
of  the  supporting  reticular 'tissue,  the  latter  often  standing  out 
prominently  in  the  form  of  a  peciiliar  network  (e).  This  is  no 
doubt  due  to  the  fact  that  the  neuroglia  is  rendered  more  dis- 
tinctly visible  by  the  destruction  of  the  nerve-elements ;  but  in 
certain  cases  there  appears  also  to  be  some  proliferation  of  the 
neuroglia-cells.  The  statement  repeatedly  made,  that  the  gan- 
glion-cells likewise  undergo  proliferation,  is  erroneous. 

In  atrophy  of  the  cerebrum  the  cerebellum  is  usually  not  per- 
ceptibly wasted ;  cases  have  however  come  under  anatomical  ex- 
amination in  which  the  entire  mass  of  the  cerebellum,  or  one  of 
its  lobes,  or  it  may  be  the  vermis  or  some  part  of  it,  is  more  or  less 
notably  diminished  in  size.  The  whole  cerebellum  may  indeed 
be  reduced  to  about  the  size  of  a  walnut.  The  slighter  degrees  of 
attenuation  may  be  due  to  atrophy  of  certain  cells  and  fibres. 
Where  the  diminution  is  very  marked  it  is  probably  referable  to 
hypoplasia  or  imperfect  development  of  the  cerebellum  (Arts. 
108  and  111,  Fig.  230). 
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CHAPTER   XL 

LOCAL  DEGENERATIONS  AND  INFLAMMATIONS  OF  THE 

BRAIN 


114.  Local  degenerations  of  the  brain  are  usually  the  result 
of  local  anaemia  or  of  haemorrhage  ;  they  may  however  be  due  to 
other  disturbances  of  the  circulation,  to  traumatic  injury,  to  in- 
flammation, or  to  compression.  The  nerve-tracts  of  the  brain 
undergo  degeneration  also  when  the  corresponding  centres  are 
destroyed.  For  example,  after  destruction  of  the  psycho-motor 
centres  of  the  cerebral  cortex  the  pyramidal  tracts  passing  down 
to  the  cord  degenerate  ;  according  to  HoscH  and  von  Monakow, 
descending  atrophy  of  the  optic  tract  follows  destruction  of  the 
optic  centres.  When  the  nerves  proceeding  from  the  cerebral  axis 
are  excised  in  early  life,  or  their  terminal  organs  are  destroyed 
or  removed  (Gtjddbn),  atrophy  takes  place  in  the  corresponding 


Fig.  232.    Degenekate  and  disintegrating  nekve-cklls  and  nerve-fibres. 

(From  the  cerebral  cortex  in  the  neighbourhood  of  a  focxts  of  traumatic  encephalitis  of 
eight  days'  duration:  preparation  macerated  in  MUller's  fluid  and  afterwards 
teased  out :   x  300) 


a  swollen  and  hyaline  ganglion-cells  with 
swollen  and  partially  disintegrated 
processes 

Oi  pale  denucleated  ganglion-cells  break- 
ing up  into  segments  and  with  irregu- 
larly crenate  contours 


02  ganglion-cells  filled  with  droplets  of 

fat 
6    swollen   axis-cylinders   breaking  into 

segments  and  undergoing  granular 

degeneration 
c    normal  ganglion-cell 
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Fig.  233.  Fatty  degeneration  of  the 
ganglion-cells  and  the  blood- 
VESSELS. 

(Preparation  from  the  neighbourhood  of 
a  focus  of  ischaemic  degeneration  in 
the  corpus  striatum:  fixed  in  Flem- 
ming's  acid  solution,  and  stained  with 
saffranin :  X  500) 
o    ground-substance 
6    normal  gangllon-oells 
c    fatty  ganglion-cells 
d    Wood-vessel  with  fatty  wall 


sensory  or  motor  nuclei  (Art.  90).  After  the  loss  of  an  eye  the 
corresponding  optic  nerve  atrophies  in  the  human  subject,  and 
after  some  time  this  is  followed  by  atrophy  of  the  iibres  of  the 
optic  tract  belonging  to  the  af- 
fected nerve :  it  is  moreover 
stated  that  after  blindness  of 
many  years'  duration  atrophy 
of  the  cortex  of  the  occipital 
lobes  takes  place. 

Local  inflammations  of  the 
brain  are  in  some  cases  haema- 
togenous,  in  others  of  traumatic 
origin,  and  in  others  again  they 
result  from  infection  and  in- 
flammation of  the  meningeal 
and  cranial  envelopes. 

In  acute  destruction  of 
the  ganglion-cells,  such  as  is 
apt  to  occur  in  the  neighbour- 
hood of  inflammatory  lesions, 
as  well  as  after  contusion  and 
in  anaemic  and  haemorrhagic 
softening,  the  cells  (Fig.  232  c) 
often  swell  up  (a)  and  become 
pale  and  hyaline ;  their  processes  also  undergo  swelling  and  hya- 
line degeneration.  At  times  vacuolation  takes  place,  the  nuclei 
usually  becoming  swollen  at  the  same  time.  After  a  short  in- 
terval cleavage  and  disintegration  of  the  cells  make  their  appear- 
ance (flj),  and  the  nuclei  break  down  and  dissolve. 

Along  with  the  swelling  and 
fragmentary  disintegration,  fatty 
degeneration  (csg)  of  the  ganglion- 
cells  sometimes  sets  in.  It  is  gen- 
erally met  with  in  conditions  in 
which  chronic  or  frequently-repeated 
interference  with  the  circulation  has 
led  to  impaired  nutrition  of  the 
ganglion-cells  (Fig.  233). 

When  the  ganglion-cells  die  from 
any  cause,  such  as  inflammation, 
anaemia,  or  concussion,  and  are  not 
at  once  broken  up  and  dissolved, 
they  sometimes  undergo  calcifica- 
tion, and  appear  thickly  studded 
with  particles  and  rounded  grains 
of  lime.  Feiedlandbr  met  with  calcified  ganglion-cells  in  the 
brain  as  early  as  thirteen  days  after  a  traumatic  injury.  In 
chronic  diseases  the  ganglion-cells  occasionally  assume  a  peculiar 


Fig.  234.     Calcified  ganglion- 
cells  AND  NERVE-FIBBES. 

{From  the  brain  of  an  idiot,  with 
partial  unilateral  paresis  and 
dropsy  of  one  lateral  ventricle: 
X500) 
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homogeneous  wax-like  condition,  a  change  which  has  by  some 
been  described  as  sclerosis. 

When  nerve-fibres  perish  the  myelin  usually  coagulates  in 
drops  (Art.  91,  Fig.  185),  which  fall  to  pieces  and  change  into 
fat-globules ;  the  process  is  thus  usually  described  as  fatty  de- 
generation. The  axis-cylinders  often  become  hyaline,  swell  up, 
become  varicose,  and  sooner  or  later  break  down  completely, 
whereupon  the  detritus  dissolves  and  disappears.  The  neurogha- 
cells  and  the  vessels  within  the  focus  of  degeneration  soon  perish 
likewise,  or  at  least  undergo  degenerative  changes,  chiefly  of  a 
fatty  character ;  sometimes  however  they  remain  intact,  and  in 
this  case  they  are  apt  to  become  proliferous. 


Fig.  235.    Teased  preparation  from  a  degenerating  patch  in  the  beam, 
with  hypertrophic  neuroglia. 
(Preparation  treated  ivith  perosniic  add :   X  200) 
blood-vessel  filled  with  blood  g    sclerotic  tissue 

tunica  media  "  h    round-cells 

adventitial  lymph-sheath  Ai  round-cells  with  scattered  droplets  oi 

unaltered  neuroglia-cells  fat 

fatty  neuroglia-cells  Aa  fat-granule  cells 

biuuclear  neuroglia-cells  hg  pigment-granule  cells 


It  may  be  taken  as  the  ordinary  rule  that  the  products  of 
disintegration  of  the  degenerate  and  necrotic  tissue  are  absorbed, 
sometimes  quickly,  sometimes  more  slowly.  Some  of  the  detritus 
is  dissolved  and  absorbed  at  the  seat  of  lesion ;  other  portions  are 
taken  up  as  such  into  the  lymph-channels,  not  in  general  directly 
but  after  inclusion  within  carrier-cells.     Such  cells  always  make 
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their  appearance  sooner  or  later  in  foci  of  disintegration ;  they 
are  either  migratory  leucocytes  from  the  blood-vessels,  or  the 
progeny  of  connective-tissue  cells,  and  in  virtue  of  their  power  of 
movement  they  take  up  into  their  substance  the  products  of  dis- 
integration, and  in  particular  the  droplets  of  fat,  and  so  form  fat- 
granule  cells  (Fig.  235  h  h^  h^.  So  long  as  any  considerable 
quantity  of  detritus  remains  in  the  tissue  these  granule-cells  are 
never  absent,  and  in  the  later  stages  of  the  process  they  accumu- 
late chiefly  in  the  lymph-channels,  more  particularly  in  the  ad- 
ventitial sheaths  of  the  blood-vessels  (Fig.  235  c) ;    in  this  way 


Fig.  236.    Section  from  the  border  of  a  patch  of  softening  in  the  brain 
(encephalomalacia)  . 

(.Preparation  hardened  in  Mailer's  fluid,  stained  with  haematoxylin  and  carmine,  and 
mounted  in  Canada  balsam :  X  250) 

c     blood-vessels 


A    normal  brain-substance 

B    degenerate  brain-substance 

a  nerve-fibres  of  different  thicknesses, 
cut  partly  across  and  partly  length- 
wise 

*  neuroglia-cells  within  the  normal  brain- 
tissue 

•61  neuroglia-cells  in  the  zone  of  degener- 
ation 


Ci  blood-vessels  with  thickened  adventi- 
tial sheaths 

d  unaltered  leucocytes  migrated  from 
the  vessels 

e  fat-granule  cells  deprived  of  fat  by 
treatment  of  the  section  with  alcohol 
and  oil  of  cloves 


they  remove  the  products  of  disintegration,  and  so  bring  about  their 
destruction.  If  the  focus  of  degeneration  contains  extravasated 
blood,  pigment-granule  cells  are  formed  in  like  manner  (A3). 

When  the  nerve-elements  only  are  destroyed,  while  the  vessels 
and  the  neuroglia-cells  are  preserved,  the  resulting  tissue  consists 
of  a  network  of  vessels  (Fig.  236  c  e^),  within  which  the  neuroglia- 
cells  are  more  or  less  uniformly  distributed  (5,)-     These  by  their 
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interlacing  processes  form  a  fine  reticulum,  whose  meshes  instead 
of  nerve-fibres  (a)  or  ganglion-cells  contain  liquid,  with  varying 
numbers  of  leucocytes  (£?)  and  fat-granule  cells  (e). 

The  adventitial  sheaths  of  the  vessels  within  the  area  of 
degeneration  (Fig.  236  Cj)  usually  begin  to  proliferate  at  an 
early  stage,  and  in  the  course  of  time  elaborate  a  more  or  less 
abundant  and  often  fairly  dense  connective  tissue,  which  for  long 
continues  to  enclose  granule-cells  in  its  meshes. 

Sometimes  the  neuroglia-cells  also  proliferate,  and  then  a  felted 
fibrous  patch  of  sclerotic  tissue  (Fig.  235  g')  is  formed;  but  such 
patches  are  usually  of  slight  extent,  and  in  many  cases  of  cerebral 
softening  they  are  entirely  absent. 

So  long  as  a  focus  of  degeneration  contains  disintegrating 
myelin  and  fat-granule  cells  it  appears  white  and  softer  than 
the  parts  around  it,  or  looks  like  a  white  turbid  semi-liquid  mass 
enclosed  in  a  fine  mesh-work.  The  process  is  accordingly  termed 
•white  softening  or  Regeneration.  As  the  fatty  detritus  is  re-ab- 
sorbed, the  liquid  becomes  more  and  more  clear,  and  if  the  sur- 
rounding tissue  does  not  close  in  and  occupy  the  space,  a  cyst 
filled  with  clear  or  slightly  turbid  liquid  and  traversed  by  a  deli- 
cate network  of  vessels  is  formed  in  the  site  of  the  degenerate 
patch.  If  proliferation  of  the  neuroglia  takes  place,  sclerosis 
ensues  (Fig.  285  ^),  while  proliferation  of  the  adventitial  sheaths 
of  the  blood-vessels  leads  to  the  formation  of  a  fibrous  cicatrix 
(Fig.  239). 

In  the  course  of  degenerative  processes  the  corpora  amylacea 
that  are  normally  present  in  the  brain-substance  are  not  infre- 
quently to  be  found  in  increased  numbers  within  the  altered 
tissue. 

Regeneration  of  the  nerve-elements  of  the  brain  does  not 
appear  to  take  place,  at  least  in  man.  When  ganglion-cells  with 
their  corresponding  tracts  have  once  been  destroyed,  the  function 
they  performed  can  be  restored  only  by  means  of  vicarious  action 
on  the  part  of  other  equivalent  tracts  and  centres. 

It  is  an  open  question  whether  in  persons  whose  limbs  have  been  removed 
in  mature  life  the  corresponding  cortical  centres  become  atrophic.  Sandek 
{Cent.  f.  med.  Wiss.  1875),  Luys  (Gaz.  des  hop.  1876),  Bourdon  {Reel.  din. 
sur  les  centres  moteurs  des  memh.  Paris  1887,  and  Bull,  de  I'Acad.  de  med.  xii 
1883),  and  others  state  that  they  have  observed  signs  of  corresponding  cortical 
atrophy  in  cases  of  amputation ;  but  their  statements  are  not  quite  convincing 
inasmuch  as  the  width  of  the  convolutions  varies  considerably,  even  in  normal 
conditions.  Charcot,  Ferrier,  and  others  have  sought  in  vain  for  unmistak- 
able evidence  on  the  point.  Accwding  to  Davida  and  Edinger  (V.  A.  89 
1882),  in  cases  of  congenital  absence  or  imperfection  of  the  limbs  the  correspond- 
ing cortical  centres  are  defectively  developed. 

Whenever  the  tissue  of  the  brain  and  cord,  with  their  membranes  and 
Ijrmph-channels,  contain  granule-cells,  we  may  in  general  take  it  as  a  proof  that 
disintegration  of  nerve-elements  has  somewhere  taken  place.  According  to 
Jastrowitz  (A.f.  Pysch.  ii),  this  statement  applies  only  to  the  case  of  persons 
more  than  seven  mouths  old ;  for  from  the  fifth  month  of  gestation  until  the 
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eighth  month  after  birth  the  presence  of  granule-cells  in  certain  parts  of  the 
brain  and  cord,  varying  with  age,  is  a  normal  phenomenon  related  with  the 
formation  of  the  medullary  sheaths  of  the  nerve-fibres.  The  phenomenon  was 
formerly  (Virchow  :  Berl.  klin.  Woch.  No.  46  1883)  regarded  as  pathological, 
and  the  process  was  described  as  congenital  encephalitis.  The  granule-cellsi  are 
either  diffusely  distributed  or  aggregated  in  masses,  which  form  opaque  white 
spots,  and  in  the  greyish-red  semi-translucent  brain-substance  of  the  foetus  are 
visible  by  the  unaided  eye. 

References  on  Calcification  of  Q-anglion-eelU. 

Friedlandbk  :  Calcification  of  ganglion-cells  F.  j4  .  88  1882 
Roth  :  Calcification  of  the  cells  of  Purkinje  V.  A.  b^  1871 
Salvioli  :  Rivisla  din.  di  Bologna  1878 

115.  The  brain  is  an  organ  whose  blood-vessels  are  exception- 
ally liable  to  undergo  morbid  changes.  Sclerosis  and  atheroma 
of  the  vessels  occur  more  frequently  here  than  in  most  of  the  other 
organs,  and  indeed  the  favourite  seat  of  hyaline  degeneration  is  in 
the  walls  of  the  small  arteries  and  capillaries  of  the  central  nervous 
system  and  its  membranes.  Fatty  degeneration  and  calcifica- 
tion of  the  cerebral  vessels  are  also  of  very  frequent  occurrence  : 
the  latter  change  indeed,  in  certain  rare  instances,  is  so  marked 
that  in  sections  of  the  brain  the  cut  vessels  project  as  rigid  points 
above  the  surface,  while  in  microscopical  preparations  the  majority 
of  the  capillaries  appear  in  a  state  of  hyaline  degeneration  and 
calcification.  Moreover,  small  embolic  fragments,  passing  from 
the  heart  or  ascending  aorta  into  the  arterial  blood-stream,  are 
not  infrequently  conveyed  to  and  lodge  in  the  cerebral  arteries. 

When  a  cerebral  artery  is  obstructed  or  occluded  by  thickening 
of  its  wall,  from  sclerosis  or  hyaline  degeneration,  or  when  the 
vessel  already  diseased  is  occluded  by  thrombosis  or  embolism, 
the  result  is  ischaemic  necrosis  of  the  region  it  supplies,  as  the 
arteries  in  the  interior  of  the  brain  are  devoid  of  anastomotic 
branches  of  any  considerable  size,  and  collateral  circulation  can 
be  established  only  with  difficulty.  The  necrosis  thus  induced 
is  followed  very  soon  by  softening  of  the  brain-substance,  or 
encephalomalacia. 

Sometimes  the  occlusion  of  the  vessel  is  unaccompanied  by 
extravasation  of  blood  from  it,  in  which  case  the  affected  region 
presents  the  appearance  of  ^vhite  softening.  But  if,  in  conse- 
quence of  the  initial  disturbance  of  circulation,  extravasation  takes 
place  from  the  parts  of  the  vessel  that  are  still  accessible  to  the 
blood,  but  not  traversed  by  it  in  the  normal  way,  the  damaged 
tissue  assumes  a  red  and  later  on  a  yellow  or  rusty  colour,  due  to 
blood  and  its  detritus  —  haematoidin  and  haemosiderin.  This 
process  is  termed  red  or  yellow  softening. 

The  softening  of  the  tissue  is  apparent  even  after  a  few  days, 
and  the  histological  indications  of  disintegration  described  in 
Art.  114  are  very  soon  demonstrable,  the  appearance  of  myelin- 
2e 
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drops  and  of  fat-globules  and  fat-granule  cells  constituting  one 
of  the  early  signs  that  disintegration  has  begun. 

In  the  course  of  weeks  the  liquefaction  of  the  tissue  increases, 
and  the  focus  of  softening  presently  contains  little  more  than  a 
liquid  rendered  milky  and  turbid  by  the  presence  of  detritus  and 
fat-granule  cells.  As  the  blood-vessels  are  usually  intact  during 
this  part  of  the  process  (Figs.  236  c  and  237  S),  the  liquid  is  in 
general  enclosed  within  the  meshes  of  a  fine  reticulum  formed  by 
their  persistent  walls. 


Fig. 


237.      ISCHAEMIC   SOFTENING  OF  THE  CEREBRAL  COETEX. 


(From  the  brain  of  an  idiot :  preparation  hardened  in  Mailer's  fluid  and  alcohol,  stained 

with  haematoxylin  and  carmine,  and  mounted  in  Canada  balsam:  X  25) 
A    process  of  white  matter 


B    normal  cortex  with  ganglion-cells 
JSj   softened  cortex 
C    normal  pia-arachnoid  membranes 
Ci    thickened  pia-arachnoid  membranes 
a     cortex  undergoing  softening  and  de- 
void of  ganglion-cells,  the  neuroglia 
being  in  part  intact 
6     portions  of  the  cortex  in  which  the 
vascular  network  is  almost  all  that 
remains 


condensed  fibrous-looking  tissue 
groups  of  cells  aggregated  in  the  sub- 

pial  and  subarachnoid  spaces 
groups  of  round-cells,  fat-granule  cells, 

and  pigment-granule  cells  within  the 

region  of  softening 
larger  blood-vessels 
aggregations  of  cells  in  the  adventitial 

sheaths 


After  a  few  months  the  liquid  gradually  becomes  clearer, 
owing  to  the  resorption  of  the  products  of  disintegration.  The 
turbidity  however  in  some  instances  persists  for  a  long  time,  as 
the  products  of  fresh  and  progressive  destruction  of  the  surround- 
ing tissue  are  added  to  the  liquid. 
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Usually  in  the  course  of  months  a  cavity  or  cyst  is  formed, 
which  on  section  yields  a  certain  quantity  of  slightly  turbid 
liquid,  and  is  traversed  by  a  delicate  network  that  collapses  when 
the  liquid  is  removed.  So  far  as  can  be  made  out  with  the  naked 
eye,  the  network  consists  essentially  of  vessels  (Fig.  237  by ;  where 
it  seems  more  compact  its  meshes  are  occupied  by  fine  reticular 
neuroglia  (Figs.  236  J  and  237  a). 

Induration  due  to  proliferation  of  the  neuroglia  sometimes 
takes  place  round  the  region  of  softening,  but  it  is  usually  small 
in  amount.  It  is  most  apt  to  occur  in  the  case  of  small  foci  in 
young  persons,  and  when  the  softening  is  not  caused  by  arterio- 
sclerosis. In  many  instances,  even  after  months  or  years,  the 
neurogliar  proliferation  is  inconsiderable,  the  foci  of  softening 
being  frequently  surrounded  by  a  zone  of  tissue  within  which  the 
nerve-elements  are  still  undergoing  disintegration,  and  which 
accordingly  is  more  or  less  densely  beset  with  granule-carrying 
cells. 

The  vessels  lying  within  the  region  of  softening  become  in 
part  obliterated.  Fibro-cellular  hyperplasia  of  the  adventitial 
sheaths  takes  place,  both  in  the  occluded  vessels  and  in  those 
which  remain  patent,  and  this  gives  rise  to  thickening  and  in- 
duration of  the  parts  involved. 

The  size  of  the  region  of  softening  is  dependent  upon  the 
extent  of  the  vascular  territory  that  has  been  rendered  anaemic, 
and  it  accordingly  varies  much  in  different  cases.  The  smallest 
foci  of  degeneration  may  entirely  escape  notice  by  the  unaided 
eye,  or  cause  changes  recognisable  only  on  careful  observation ; 
while  larger  foci  sometimes  involve  entire  convolutions,  large 
parts  of  the  central  white  matter  or  of  the  basal  ganglia,  or  even 
an  entire  lobe  of  the  brain. 

In  advanced  stages  the  smallest  foci  appear  as  minute  gaps  in 
the  tissue  filled  with  clear  liquid ;  in  other  cases  the  tissue  is  rid- 
dled with  holes  or  cribriform,  looking  not  unlike  a  sponge  with 
slender  trabeculae  and  wide  meshes.  If  destruction  of  tissue  is 
limited  to  the  region  surrounding  a  small  arterial  branch,  the  space 
left  vacant  by  the  resorption  of  the  detritus  is  generally  filled  up 
by  an  accumulation  of  liquid  within  the  adventitial  lymph-sheath, 
so  that  the  vessel  lies  loosely  in  a  wide  lymph-sac,  and  recalls 
the  appearance  presented  in  local  lymphatic  engorgement. 

Large  numbers  of  these  very  small  foci  of  softening  lying  close 
to  one  another  give  rise  to  a  condition  included  under  the  term 
Stat  crible. 

The  contents  of  larger  foci  of  softening  are  seldom  quite  clear, 
as  the  absorption  of  the  products  of  disintegration  takes  place 
vety  slowly,  and  around  the  focus  the  gradual  degeneration  and 
disintegration  of  the  nerve-substance  still  go  on  even  after  the 
lapse  of  months  or  years. 

Large  foci  of  softening  (Fig.  238)  situated  just  beneath  or 
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near  the  pia  mater  generally  cause  the  brain-substance  there  to 
collapse,  and  the  space  thus  vacated  is  partially  filled  up  by  an  accu- 
mulation of  liquid  in  and  under  the  meshes  of  the  pia  mater  and 
arachnoid.  The  collapsed  portion  of  the  brain,  when  observed 
from  the  exterior,  looks  opaque,  and  is  white,  yellow,  or  brown  in 
tint.  When  cut  into  it  allows  a  liquid  to  escape  that  is  generally 
milky,  or  less  frequently  pigmented,  and  loose  shreds  of  tissue, 
consisting  in  great  part  of  isolated  vessels  (Fig.  237  b'),  are  all 
that  is  left  of  the  pre-existing  brain-substance. 

The  tissue  of  the  internal  meninges  overlying  foci  of  soften- 
ing of  some  standing  is  usually  hyperplastic  ( (7j),  and  its  blood- 
vessels (/)  are  often  thickened.  Cellular  infiltration  of  the 
tissue  persists  so  long  as  the  disintegration  continues,  both  within 


Fig.  238.    Ischaemic  softening  of  the  braik 
(Involving  the  third-frontal,  the  lowest  portion  of  the  anterior-central,  and  the  apex  of 
the  Jirst-temporal  convolutions,  in  a  woman  who  had  suffered  from  amnesic  and 
ataxic  aphasia :  one-half  the  natural  size) 

the  degenerate  region  and  in  the  overlying  membranes.  In  the 
thickened  meninges  calcareous  concretions  are  often  deposited. 
A  large  focus  situated  in  the  neighbourhood  of  a  ventricle  may 
cause  the  latter  to  become  enlarged  by  reason  of  the  collapse  of 
the  adjacent  tissue. 

In  the  cerebral  hemispheres  ischaemic  softening  occurs  both  in 
the  parts  supplied  by  the  arteries  of  the  basal  ganglia  and  in  the 
parts  supplied  by  those  of  the  cortex.  When  cortical  centres  are 
destroyed,  motor  and  sensory  paralyses  ensue.  Destruction  of 
the  occipital  lobe  and  of  the  posterior  portion  of  the  parietal  lobe 
results  in  loss  of  sight.     Destruction  of  the  central  convolutions 
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and  parietal  lobe  gives  rise  to  paralysis  of  the  limbs  of  the  oppo- 
site side ;  while  destruction  of  the  left  third-frontal  gyrus  (Fig. 
238)  in  right-handed  persons  usually  induces  ataxic  aphasia. 
The  production  of  numerous  small  areas  of  softening  in  the  cortex 
(Fig.  237)  leads  to  the  impairment,  in  varying  degree,  of  many  of 
its  functions. 

In  the  cerebral  axis  foci  of  softening  occur  in  the  most  diverse 
places,  and  accordingly  give  rise  to  very  various  disorders  of 
function.  When  they  are  situated  in  the  course  of  the  pyramidal 
tract,  they  interrupt  the  conduction  of  motor  impulses. 

References  on  Ischaemic  Softening  of  the  Brain. 

Charcot  :  Leu  localisatiohs  dans  les  maladies  du  cerveau  Paris  1876 ;  Les  mala- 
dies des  vieillards  Paris  1867;  Le  ramollissement  cerebral  et  I'encephalite, 
Oeuvres  completes  ix  Paris  1890 

DuRET :  Circulation  of  the  encephalon  A.  de physiol.  1874 

Geigel:  Embolic  ischaemia  V.  A.  121 1890 

Gelpke:  Cerebral  apoplexy  and  embolism  of  the  cerebral  arteries  A.  d. 
Heilk.  XVI 

Heubner  :  Die  luetische  Erkrankung  der  Hirnarterien  Leipzig  1874 

HovEN :  Anatomy  of  cerebral  infantile  paralysis  A .  f.  Psych,  xix  1888 

Kkeuser  :  Acquired  porencephalia  Z.f.  Psych.  48  1891 

Keoemer:  Chorea  A.f.  Psych,  xxiii  1891 

Lancereaux  :  De  la  thrombose  et  de  I'embolie  cere'brale  Paris  1862 

Lichtheim:  Aphasia  D.  A.f.  klin.  Med.  xxxvi 

Mallort:  Calcareous  concretions  in  the  brain  Journ.  of  Path,  m  1894 

Marchand  :  Embolism  and  thrombosis  of  the  cerebral  arteries  Berl.  klin. 
Woch.  1894 

Poelchen:  Cerebral  softening  from  carbonic-acid  poisoning  V.  A.  112  1888 

Prevost  and  Cotard  :  Le  ramollissement  cerebral  Paris  1866 

Saveliew.  Cerebral  embolism  V.  A.  135  1894  (with  references) 

Walckbr:  Occlusion  of  cerebral  arteries  Inaug.  Diss.  Ziirich  1872 

116.  Haemorrhages  are  of  very  frequent  occurrence  in  the 
brain,  taking  place  both  by  diapedesis  and  by  rupture.  Capillary 
haemorrhages  are  not  uncommon  in  congestive  hyperaemia,  and 
acute  encephalitis  generally  begins  with  such  haemorrhage.  In 
some  cases  of  malaria  the  brain  is  beset  with  numbers  of  bleeding 
points,  and  multiple  haemorrhages  of  the  kind  are  observed  in 
other  infective  diseases  (variola,  anthrax),  and  in  haemorrhagic 
purpura. 

In  all  these  cases  the  haemorrhages  take  the  form  of  rounded 
or  elongated  spots  from  the  size  of  a  millet-seed  to  that  of  a  pea, 
and  often  give  the  section  a  delicately-sprinkled  appearance. 

The  extravasated  blood  lies  partly  in  the  substance  of  the 
brain  itself,  partly  in  the  adventitial  sheaths  of  the  vessels.  The 
accumulations  of  blood  met  with  in  the  latter  situation  are  often 
described  as  miliary  dissecting  aneurysms. 

Extensive  haemorrhages  due  to  occlusion  of  the  arteries  by 
arterio-sclerotic  thickening  of  the  intima,  or  by  embolism  and 
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thrombosis,  are  rare;  but  small  isolated  haemorrhagic  spots  are 
not  uncommon  as  a  result  of  arterial  obstruction. 

Engorgement  of  the  veins  within  the  substance  of  the  brain, 
such  as  occurs,  for  example,  in  the  neighbourhood  of  tumours  or 
of  large  haemorrhages,  leads  to  the  appearance  of  numerous  small 
circumscribed  extravasations  around  the  capillaries  and  small 
veins,  the  blood  lying  partly  within  the  adventitial  sheaths,  partly 
in  the  brain-substance  itself. 

Wounds,  contusions,  and  concussions  of  the  brain  and  cord, 
induced  by  various  traumatic  conditions,  usually  lead  to  haemor- 
rhages, whose  extent  naturally  varies  with  the  size  of  the  vessels 
that  are  ruptured. 

Extensive  spontaneous  haemorrhage  (cerebral  apoplexy) 
results  from  the  bursting  of  arteries,  owing  to  the  weakening  of 
their  walls  by  degenerative  and  inflammatory  changes.  Aneu- 
rysmal dilatations  of  the  arteries  often  precede  the  rupture, 
though  in  many  cases  no  such  dilatation  is  discoverable.  Increase 
of  the  blood-pressure  within  the  aortic  system  favours  the  rupture 
of  diseased  vessels,  but  is  incapable  of  causing  sound  arteries  to 
give  way. 

Such  spontaneous  arterial  haemorrhages  take  place  most  com- 
monly in  the  region  of  the  basal  ganglia,  in  the  internal  capsule, 
and  in  the  parts  immediately  adjacent.  They  are  more  infrequent 
in  the  pons,  in  the  crura  cerebri,  in  the  cerebellum,  and  in  the 
centrum  ovale  of  the  cerebrum.  Spontaneous  haemorrhage  from 
rupture  is  rarest  of  all  on  the  convex  aspect  of  the  brain. 

This  distribution  is  due  to  the  fact  that  the  arteries  supplying 
the  first-mentioned  territories  are  subjected  to  greater  blood- 
pressure  than  the  small  arteries  that  pass  from  the  vascular  rami- 
fications within  the  pia  mater  into  the  cortical  grey  matter.  In 
particular,  the  pressure  is  highest  in  the  branches  of  the  middle 
cerebral  artery  supplying  the  basal  ganglia  and  the  internal 
capsule. 

By  arterial  haemorrhage  the  nervous  and  ganglionic  elements 
are  more  or  less  extensively  destroyed,  while  the  surrounding 
structures  are  subjected  to  compression.  Destruction  of  tissue 
indeed  always  results,  except  in  the  case  of  very  small  capUlary 
haemorrhages,  when  the  adjoining  cerebral  and  spinal  tissues  are 
merely  pushed  aside  and  compressed  by  the  extravasation  of  blood 
into  the  vascular  sheaths.  The  bursting  of  arteries  of  the  smallest 
calibre  gives  rise  to  haemorrhagic  patches  varying  from  the  size  of 
a  pea  to  that  of  a  hazel-nut :  when  larger  branches  give  way  entire 
regions  of  the  brain  may  be  destroyed,  such  as  the  greater  part  of 
the  basal  ganglia  of  one  side  with  some  of  the  adjoining  white 
matter,  or  the  entire  white  centre  of  one  occipital  lobe. 

The  seat  of  a  recent  haemorrhage  has  a  dark-red  softened 
appearance,  the  tissue  being  reduced  to  a  coagulated  or  pulpy 
mass  of  detritus.     When  the  haemorrhage  has  been  extensive  the 


AKT.  116] 


RESULTS   OF   HAEMOREHAGE 


423 


remainder  of  the  brain  is  anaemic,  the  gyri  are  more  or  less  flat- 
tened from  the  pressure  of  the  extravasated  blood,  and  the  sulci 
are  indistinct.  Surrounding  the  primary  focus  are  usually  a 
number  of  small  bleeding  points,  that  give  the  brain-substance 
the  appearance  of  being  sprinkled  with  red ;  they  are  due  to  the 
disturbance  of  the  circulation  caused  by  the  primary  haemorrhage. 
When  bleeding  takes  place  in  the  neighbourhood  of  the  ven- 
tricles, the  blood  may  be  poured  into  the  ventricular  cavities,  and 
pass  thence  through  the  transverse  fissures  into  the  subarachnoid 
spaces. 

In  cortical  haemorrhage  the  greater  part  of  the  blood  is  apt 
to  spread  along  beneath  the  pia  mater  and  to  penetrate  into  the 
pial  and  subarachnoid  meshes.  When  meningeal  arteries  give 
way,  the  membranes  are  nat- 
urally the  chief  seat  of 
effusion,  and  the  brain-sub- 
stance is  only  involved  to  a 
subordinate  extent.  Should 
the  arachnoid  itself  be  torn, 
the  blood  may  pass  into  the 
subdural  space. 

On  coagulation  the  mass 
of  extravasated  blood  con- 
tracts, and  its  liquid  portions 
are  in  part  removed  by  the 
lymphatics  and  blood-vessels. 
In  this  way  the  compression 
of  the  neighbouring  tissue  is 
gradually  lessened  and  finally 
ceases.  At  the  same  time 
the  blood-clot  changes  colour 
and  becomes  reddish-brown 
or  chocolate-coloured.  More- 
over, some  of  the  haemoglo- 
bin diffuses  into  the  sur- 
rounding tissue  and  gives  it 
a  yellowish  tinge.  Presently 
disintegration  of  the  effused 
blood  and  of  the  damaged 
cerebral  matter  takes  place, 
and  the  products  of  disintegration  are  in  course  of  time  almost 
entirely  absorbed  by  the  action  of  fat-granule  and  pigment- 
granule  cells  (Art.  114).  The  space  thus  left  unoccupied  is 
filled  up  either  by  the  accumulation  of  liquid  or  by  the  collapse 
and  contraction  of  the  brain-substance.  In  the  latter  case  a  cor- 
responding dilatation  of  the  subarachnoid  space  or  of  the  ventri- 
cles must  occur.  When  part  of  the  space  is  filled  up  with 
liquid,  the  result  is  an  apoplectic  cyst;    when   the    surround- 


FiG.  239.     Apoplectic  cicatkix  i-rom  the 

CENTKE  or  A  CEEEERAL  HEMISPHBKK. 

(^Preparation  hardened  in  Mailer's  fluid, 
stained  with  haematoxylin  and  eosin,  and 
mounted  in  Canada  balsam :  x  250) 

a    loose  connective  tissue 

6    dense  connective  tissue 

c    cells  with  brown  pigment-granules 

d    fat-granule  cells  whose  fat   has   been 

dissolved  out 
e    crystal  of  haematoidin 
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ing  tissue  contracts  and  closes  up  the  hiatus,  an  apoplectic 
cicatrix  is  formed,  which  is  either  .very  dense  and  close  in 
texture,  or  encloses  inspissated  necrotic  residues,  and  sometimes 
plates  of  cholesterin.  The  tissue  of  the  cicatrix  (Fig.  239)  and 
the  wall  of  the  cyst  are  usually  somewhat  indurated,  and  of  a 
yellow,  brownish-red,  or  brown  tint.  The  pigmentation  is  due 
to  the  fact  that  some  of  the  colouring-matter  derived  from  the  dis- 
integration of  the  blood  is  not  absorbed,  but  remains  in  situ.  The 
pigment  consists  largely  of  amorphous  brown  flakes  and  granules 
of  haemosiderin  (Fig.  239  e),  with  a  small  amount  of  amorphous 
or  crystalline  haematoidin  (e).  The  induration  is  essentially  due 
to  hyperplastic  connective  tissue  (a  J)  derived  from  the  proliferous 
adventitial  sheaths  of  the  vessels. 

In  the  case  of  haemorrhages  that  are  inconsiderable,  and  in 
which  the  extravasation  has  been  limited  to  the  sheaths  of  the 
vessels  and  causes  no  destruction  of  tissue,  the  products  of  dis- 
integration are  in  large  part  removed  by  the  adventitial  or 
circumvascular  lymph-channels ;  pigment-granules,  however,  are 
liable  to  remain  for  a  long  time  in  the  vascular  sheaths. 
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Charcot  :  Lefons  sur  les  maladies  des  vieillards  Paris  1867 ;  Nouv.  reck,  sur  la 
pathogenie  de  I'Aemorrhagie  cerebrale,  Oeuvres  completes  ix  1890 ;  Localisation 
of  cerebral  and  spinal  diseases  (New  Syd.  Soc.  trans.)  London  1883 

Charcot  and  Bouchard:  Pathology  of  cerebral  haemorrhage  A.  de physiol. 
1 1868 

DtJRCK:  Changes  and  haemorrhages  in  the  central  nervous  system  V.  A.  130 
1892 

Eichler:  Aneurysms  of  the  cerebral  arteries  D.  A.f.  klin.  Med.  xxii 

Geigel  :  Apoplectic  shock  in  cerebral  haemorrhage  V.  A.  125  1891 

LowENPELD :  Aetiologie  und  Pathologic  der  Himblutungen  Wiesbaden  1886 

KoTH  :  Correspbl.  f.  Schweizer  Aerzte  1874 

Turner  :  Arteries  of  the  brain  from  cases  of  cerebral  haemorrhage  Trans. 
Path.  Soc.  London  1882 

117.  Traumatic  injury  affects  the  brain  in  various  ways, 
and  leads  to  various  kinds  of  secondary  changes. 

Concussion  of  the  brain,  such  as  is  produced  by  a  fall  upon 
the  head  or  by  a  blow  or  knock,  often  causes  a  paralysis  of  the 
brain  manifested  by  loss  of  consciousness,  which  sometimes  is 
temporary,  sometimes  of  longer  duration,  and  not  infrequently 
terminates  fatally.  In  the  latter  case  investigation  occasionally 
reveals  the  presence  of  multiple  cerebral  haemorrhages ;  but  these 
may  be  absent,  and  the  paralysis  must  then  be  due  to  some  wide- 
spread and  general  lesion  of  the  brain,  in  which  certain  parts  are 
torn  from  their  connexions  or  directly  deprived  of  vitality.  The 
fact  that  after  slight  concussion,  whose  effects  appear  to  be  tran- 
sient, isolated  ganglion-cells  sometimes  undergo  calcification  is 
in  favour  of  this  hypothesis. 
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Contusion,  crushing,  and  laceration  of  circumscribed  por- 
tions of  the  brain,  such  as  accompany  penetrating  gun-shot  injuries 
(F'ig.  240  m),  wounds  from  cuts,  stabs,  or  depressed  fractures  of 
the  skull,  and  occasionally  severe  local  concussions,  lead  to  more 
or  less  extensive  local  destruction  of  the  brain-substance,  and  in 
general  to  haemorrhage.  The  extent  of  the  destruction  naturally 
depends  upon  the  character  of  the  injury.     In  the  case  of  gun- 


FlG.  240.     FeONTAL  section  through  the  INFUNDIBUIiUM  OF  A  BRAIN  WITH 
A  BULLET-WOUND. 

(Seventeen  days  after  the  injury :  the  revolver-bullet  is  lodged  in  the  optic  tract : 
11-liths  of  the  natural  size) 
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shot  wounds  the  brain  may  be  traversed  from  side  to  side  by  the 
track  of  the  bullet  (Fig.  240  m  ri),  and  if  the  latter  has  rebounded 
from  the  bone,  the  track  may  have  a  zigzag  course.  Punctured 
wounds,  on  the  other  hand,  often  give  rise  only  to  a  comparatively 
short  and  narrow  solution  of  continuity  (Fig.  241  a). 
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If  no  septic  infection  reaches  the  seat  of  the  traumatic  soften- 
ing, its  course  is  in  general  similar  to  that  of  the  ischaemic  and 
haemorrhagic  forms.  Gradual  dissolution  of  the  damaged  tissue 
takes  place  (Fig.  241  6),  and  more  or  less  extensive  inflammation 
and  proliferation  are  set  up  (c).  These  processes  start  mainly 
from  the  vessels  and  the  tissue  about  them ;  whUe  the  nerve- 
substance,  often  for  some  distance  from  the  original  seat  of  the 
traumatic  lesion  (c?),  undergoes  degenerative  changes. 


Fig.  241.  Experimental  encephalitis  produced  by  a  puncture  through  the 
cerebral  cortex  of  a  rabbit. 

{Twelve  days  after  the  injvry :  preparation  hardened  in  Mailer's  fluid,  stained  with 

haematoxylin  and  neutral  carmine,  and  mounted  in  Canada  balsam:  X  25) 
A 
B 
G 
a 
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cerebral  cortex 
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proliferation 
zone  of  degeneration 
swollen  and  degenerate  ganglion-cells 
normal  cortical  substance 


Sub-meningeal  injuries  of  the  brain  induce  in  the  pia  mater 
inflammation  and  proliferation,  these  processes  being  especially 
noticeable  about  the  vessels  that  enter  the  brain  (Fig.  241  c). 
In  perforating  gun-shot  wounds  granulation-tissue  (Fig.  242  h  c) 
is  produced  around  the  fistular  track  (Fig.  242  a),  and  after  a 
certain  time  this  is  transformed  into  fibrous  tissue  (d),  while  the 
surrounding  brain-substance  (e)  undergoes  secondary  disinte- 
gration. 

We  cannot  determine  at  what  period  these  processes  come  to 
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an  end.  In  wounds  from  stabs  or  cuts,  after  the  lapse  of  months 
or  years,  the  tissue  damaged  by  the  traumatic  injury  is  in  some 
cases  entirely  or  in  great  part  absorbed,  and  the  seat  of  the  lesion 
is  occupied  by  a  cicatrix  consisting  largely  of  vascular  connective 
tissue,  and  of  a  very  small  amount  of  hyperplastic  neuroglia. 
But  it  must  be  noted  that  even  after  a  long  time  granule-cells 
are  still  discoverable  in  the  neighbourhood  of  the  scar,  indicating 
that  the  processes  of  disintegration  have  uot  entirely  ceased. 


o 
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Fig.  242.    Transverse  section  oi"  a  bullbt-wound  xn  the  brain. 

{From  voH  Kahlden  :  forty-seven  days  after  the  injury :  preparation  hardened  in 
Mutter's  fluid,  stained  with  haematoxylin  and  carmine,  and  mounted  in  Canada 
balsam :  x  5) 


a   bullet-traofc 

6    mass  of  exudation 

c    zone  of  granulation-tissue 


d   fibrous  layer  of  the  wall  of  the  bullet-track 

e    zone  of  softening 

/   normal  brain-substance 


Cases  are  occasionally  observed  in  which,  after  some  local 
traumatic  necrosis,  the  degenerative  process  continues  for  years 
to  extend,  and  finally  involves  a  large  portion  of  the  brain. 
After  a  blow  on  the  forehead,  by  which  perhaps  a  splinter  of 
bone  is  driven  into  the  pia  mater  and  the  underlying  brain-sub- 
stance, softening  of  the  brain  may  ensue,  and  cause  the  destruc- 
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tion  of  the  entire  frontal  lobe.     In  such  cases  the  proliferation 
around  the  softened  region  is  usually  slight. 

A  cerebral  wound,  when  it  is  infected  in  any  way  by  pyogenic 
micro-organisms,  is  followed  by  purulent  infiltration  and  ulti- 
mately by  suppuration  of  the  parts  involved,  and  an  abscess 
(Art.  118)  is  thas  formed. 

Compression,  due  to  the  gradual  enlargement  of  an  intracranial 
growth,  such  as  a  tumour  or  a  haematoma  of  the  dura  mater,  may 
for  a  long  time  be  borne  by  the  brain  without  damage,  provided 
it  is  unaccompanied  by  disturbances  of  circulation ;  and  deep  in- 
dentations of  the  cortex,  due  to  the  growth  of  tumours  of  the  dura 
mater,  are  sometimes  observed  in  which  no  degeneration  of  the 
brain-substance  has  taken  place.  The  brain  evidently  yields  to 
the  pressure  of  the  growth,  and  room  is  provided  by  an  outflow 
of  lymph  from  the  cranial  cavity.  If,  however,  the  encroachment 
exceeds  certain  limits,  disturbances  of  circulation  and  nutrition 
are  induced,  even  when  the  compression  increases  very  slowly. 

Sudden  compression  of  the  cerebral  substance,  accompanied 
by  such  disturbances  of  the  circulation  as  impede  the  outflow  of 
blood  from  the  brain  or  from  parts  of  it,  generally  induces  both 
functional  disorder  and  structural  change.  This  is  most  fre- 
quently exemplified  in  the  case  of  haemorrhage  into  the  brain  or 
into  the  ventricles  or  meninges,  and  in  the  case  of  ventricular 
hydrocephalus  (Art.  112).  The  like  results  are  sometimes  pro- 
duced by  the  growth  of  intracranial  tumours  and  abscesses,  giving 
rise  to  such  changes  as  flattening  of  the  convolutions  over  the  seat 
of  compression,  ischaemia,  and  not  infrequently  softening  and  dis- 
integration. 
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118.  Acute  haematogenous  encephalitis  (insular  or  focal) 
is  an  affection  that  developes  in  tlie  course  of  various  infective 
diseases,  and  makes  its  appearance  at  one  or  more  isolated  spots  or 
in  numerous  scattered  foci.  It  occurs  most  frequently  in  the 
course  of  pyaemia,  endocarditis,  and  epidemic  cerebro-spinal  menin- 
gitis, which  infections  are  due  to  the  pyogenic  and  pneumonic 
micrococci.  In  rare  cases  it  appears  in  the  course  of  other  infec- 
tive diseases,  such  as  typhoid  fever,  acute  articular  rheumatism, 
scarlet  fever,  or  ulcerative  pulmonary  tuberculosis.  Apparently 
also  the  morbific  agency  that  produces  acute  spinal  myelitis  (spinal 
infantile  paralysis)  may  also  give  rise  to  encephalitis.  In  rabies 
(hydrophobia)  not  only  the  cord  but  the  base  of  the  brain  and  the 
hemispheres  are  sometimes  studded  with  foci  of  inflammation. 

So  far  as  we  at  present  understand,  encephalitis  occurring  in 
the  course  of  specific  infective  diseases  is  due  partly  to  metastasis 
of  the  primary  infection,  partly  to  metastasis  of  some  secondary 
pyogenic  infection.  In  many  cases  the  encephalitis  is  accom- 
panied by  meningitis. 

The  minutest  encephalitic  foci  are  not  recognisable  by  the 
unaided  eye,  but  the  microscope  reveals  them  as  patches  of  small- 
celled  infiltration  surrounding  the  blood-vessels.  Larger  spots 
have  a  pink  appearance  or  are  represented  by  clusters  of  small 
dark-red  haemorrhagic  foci.  When  suppuration  ensues  the  foci 
take  the  form  of  yellowish-white  patches,  whose  tissue  soon  lique- 
fies and  becomes  purulent. 

Minute  foci  of  infiltration  are  probably  capable  of  recovery 
without  leaving  any  permanent  lesion,  but  larger  foci  always 
cause  destruction  of  the  cerebral  tissue.  When  these  latter  re- 
cover it  is  by  contraction  and  induration  of  the  inflamed  region, 
so  that  either  a  patch  of  sclerosis  (Art.  120)  or  a  fibrous  scar  is 
formed. 

Haematogenous  suppurative  encephalitis,  leading  to  the  for- 
mation of  cerebral  abscesses,  occurs  most  frequently  in  the 
course  of  pyaemic  infection  due  to  septic  wounds,  carcinomatous 
ulcers,  or  ulcerative  pulmonary  disease,  as  well  as  in  some  cases  of 
septic  pyaemia  whose  origin  is  not  apparent  (cryptogenetic  pyae- 
mia). In  pyaemic  endocarditis  infective  emboli  carried  into  the 
cerebral  vessels  at  first  set  up  ischaemic  or  haemorrhagic  softening 
of  the  brain,  and  this  is  sometimes  followed  by  suppuration. 

Haematogenous  abscesses  arise  most  frequently  in  the  cerebrum 
and  cerebellum,  more  rarely  at  the  base  of  the  brain,  and  they  are 
at  times  multiple.  They  usually  contain  creamy  yellowish-white 
or  pale  greenish-coloured  pus.  The  smallest  vary  in  size  from  that 
of  a  millet-seed  to  that  of  a  pea.  Large  abscesses  may  occupy  the 
greater  part  of  a  lobe,  but  in  general  they  are  of  the  size  of  a  wal- 
nut or  a  bantam's  egg. 

When  recent  the  abscess-wall  appears  ragged ;  the  surrounding 
tissue  is  oedematous  and  swollen,  and  is  often  dotted  with  small 
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specks  of  haemorrhagic  and  inflammatory  infiltration.  An  abscess 
extending  up  to  the  pia  mater  gives  rise  to  meningitis.  Escape 
of  the  pus  into  the  cerebral  ventricles  sets  up  intense  inflammation 
there. 

Only  the  smallest  abscesses  are  capable  of  repair  by  resorption 
of  the  pus  and  the  formation  of  a  scar.  Larger  abscesses,  provided 
the  inflammation  recedes  and  the  patient  does  not  die  from  exces- 
sive intracranial  pressure  or  from  meningitis,  become  separated  off 
from  the  surrounding  tissue  by  a  membranous  layer  of  granulations, 
and-may  thus  persist  for  many  years.  Even  by  the  fourth  week  an 
abscess  may  be  marked  off  from  the  surrounding  cerebral  substance 
by  a  grey  or  greyish-red  zone.  In  the  course  of  months  this  zone 
becomes  broader,  say  from  two  to  five  millimetres  thick,  and  at  the 
same  time  undergoes  induration.  It  consists  simply  of  granula- 
tion-tissue, which  is  afterwards  changed  into  fibrous  cicatricial 
tissue.  In  old  abscesses  the  limiting  membrane  thus  consists  of 
an  inner  layer  of  granulation-tissue  and  an  outer  fibrous  layer. 

The  abscess,  once  encapsuled,  gradually  increases  in  size  by 
the  accumulation  within  it  of  pus  secreted  by  the  membrane ;  it 
is  probable,  however,  that  this  secretion  ceases  in  course  of  time, 
and  at  all  events  in  chronic  abscesses  it  is  very  scanty.  The  sur- 
rounding tissue  is  compressed,  and  is  liable  to  become  atrophic  or 
even  to  perish  outright  by  degenerative  necrosis.  At  any  mo- 
ment also  inflammatory  oedema  or  fresh  inflammatory  infiltration 
may  be  induced,  and  bring  about  conditions  that  impair  the  func- 
tions of  the  brain  and  frequently  put  an  end  to  life.  Even  the  risk 
of  rupture  into  a  ventricle  or  of  extension  of  the  inflammation  to 
the  pia  mater  is  not  done  away  by  the  encapsulation.  Cerebellar 
abscesses  are  apt  to  give  rise  to  chronic  dropsy  of  the  ventricles,  by 
pressure  on  or  thrombosis  of  the  venae  Galeni.  A  large  abscess 
can  be  cured  only  by  operative  evacuation  of  its  contents. 

The  commonest  example  of  inflammation  transmitted  by  con- 
tinuity to  the  brain  from  the  neighbouring  structures  is  that 
arising  in  connexion  with  leptomeningitis  (Art.  123).  Patches 
of  encephalitis  are,  moreover,  sometimes  met  with  after  inflamma- 
tion of  the  cranial  bones  and  dura  mater,  and  that  without  any  im- 
plication of  the  pia  mater.  Thus  a  cerelsral  abscess  may  develops 
as  a  result  of  suppuration  in  the  middle  ear  or  in  the  petrous 
portion  of  the  temporal  bone. 
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CHAPTER   XLI 
INFECTIVE   GRANULOMATA  OF  THE  BRAIN 

119.  Tuberculosis  of  the  brain  usually  has  its  origin  in  the 
meninges  (Art.  125)  ;  and  even  in  those  cases  in  which  tuber- 
culous foci  are  seated  in  the  brain-substance  itself,  their  develop- 
ment starts  in  the  vessels  and  their  adventitial  sheaths  that 
penetrate  from  the  pia  mater. 

According  to  the  method  whereby  the  tubercle-bacilli  are 
conveyed  to  the  brain,  the  tuberculosis  may  be  described  as 
haematogenous  or  lymphogenous.  The  latter  form  is  chiefly  a 
result  of  tuberculosis  of  the  meninges  or  of  the  skull,  and  in  par- 
ticular of  the  petrous  portion  of  the  temporal  bone. 

Tuberculous  meningitis  (Art.  125),  which  is  usually  associated 
with  the  eruption  of  large  numbers  of  tubercles,  leads  to  the 
development  of  a  certain  number  of  these  in  the  brain  also; 
they  are  in  general  most  numerous  in  the  cortical  parts,  but  are 
present  also  in  the  deeper  parts  of  the  centrum  ovale  and  in  the 
basal  ganglia.  They  take  the  form  partly  of  small  foci  of  soften- 
ing that  are  often  haemorrhagic,  partly  of  grey  or  yellowish-white 
cheesy  nodes  that  are  sometimes  surrounded  by  a  haemorrhagic 
zone.  If  but  one  part,  or  a  small  number  of  parts,  of  the  brain  be 
infected  with  tubercle-bacilli,  so  that  the  affection  is  not  rapidly 
fatal,  larger  tuberculous  nodes,  or  so-called  solitary  tubercles, 
are  apt  to  be  formed.  These  are  mostly  rounded  or  irregular 
masses,  varying  from  the  size  of  a  pea  to  that  of  a  walnut  or  a 
goose-egg,  and  consisting  of  tolerably  firm  yellowish- white  caseous 
matter,  surrounded  by  a  grey  zone  of  granulation-tissue,  some- 
times beset  with  visible  tubercles.  Not  uncommonly  processes  of 
softening  and  liquefaction  take  place  within  these  nodes,  and 
abscess-cavities  filled  with  yellowish-white  or  greenish-yellow  pus 
may  thus  be  formed. 

The  focal  affections  of  the  brain  due  to  syphilis  have  their 
origin  in  the  pia  mater  (Art.  126),  whence  they  usually  extend 
to  the  brain-substance  by  direct  continuity.  It  is,  moreover,  to 
be  kept  in  mind  that  arterio-sclerosis  due  to  syphilis  may  lead  to 
cerebral  softening,  and  that  possibly  many  atrophic  affections  of 
the  brain  (Art.  113),  as  well  as  insular  and  systemic  scleroses 
(Art.  98),  are  results  of  syphilitic  infection. 
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The  foci  known  as  gummatous  nodes  take  the  form  of  grey  or 
greyish-red  translucent  inflammatory  granulomatous  growths. 
They  are  usually  irregular  in  shape,  and  either  undergo  caseation 
and  disintegration,  or  lead  to  cicatricial  induration  of  the  brain- 
tissue. 

Actinomycosis  of  the  brain  is,  on  the  whole,  a  rare  disease, 
and  as  a  rule  is  induced  by  the  extension  of  the  specific  process 
from  the  face,  throat,  and  nape  of  the  neck,  through  the  foramen 
magnum  into  the  cranial  cavity..  Diffuse  purulent  inflammation 
and  granulomatous  proliferation  are  thereupon  set  up  in  the  pia 
mater,  and  small  suppurating  nodules  are  developed  in  the  mem- 
brane and  at  times  in  the  underlying  cerebral  substance  also. 
Bollinger  {Qent.f.  med.  Wiss.  27  1877)  observed  an  actinomy- 
cotic granuloma  of  the  size  of  a  hazel-nut,  seated  in  the  third 
ventricle  of  a  woman  in  whom  no  other  actinomycotic  growths 
were  found. 

2p 
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CHAPTER  XLII 
SCLEROSIS  OF  THE  BRAIN 

120.  Multiple  or  disseminated  sclerosis  of  the  brain  is 
usually  but  a  part  of  a  like  affection  extending  over  the  entire 
central  nervous  system,  and  has  already  been  referred  to  in  con- 
nexion with  the  morbid  anatomy  of  the  spinal  cord  (Art.  96). 
Diffuse  sclerosis  of  the  brain  and  sclerosis  of  the  ependyma 
demand  separate  description. 

Diffuse  sclerosis  of  the  brain  is  characterised  by  more  or  less 
extensive  induration  of  the  cerebral  substance,  whose  colour  is 
little  if  at  all  altered  thereby.  It  may  involve  the  entire  brain  or 
one  lateral  half  of  it,  or  may  be  limited  to  single  convolutions, 
or  to  deeper  parts  such  as  the  corpus  callosum.  It  sometimes 
appears  in  multiple  ill-defined  patches,  and  is  associated  with 
marked  increase  in  bulk,  or  in  certain  cases  with  atrophy,  of  the 
affected  portion  of  the  brain.  So  far  as  the  published  records  go, 
the  induration  would  appear  to  be  due  to  hyperplasia  of  the 
neuroglia ;  but  this  does  not  in  all  cases  take  place  in  the  same  way. 
Some  of  the  cases  are  probably  referable  to  anomalies  of  devel- 
opment ;  and  of  this  kind  are  the  scleroses  met  with  in  children, 
which  are  associated  with  enlargement  of  a  part  or  the  whole  of 
the  brain,  and  might  accordingly  be  described  as  instances  of  cere- 
bral hypertrophy.  When  the  overgrowth  due  to  hyperplastic 
proliferation  involves  limited  portions  of  the  brain,  these  tend 
to  assume  the  appearance  of  tumours,  and  indeed  between  such 
scleroses  and  gliomata  or  neurogliomata  (Art.  121)  no  sharp  line 
of  distinction  can  be  drawn. 

Induration  in  atrophic  brains  is  also  probably  to  be  regarded 
as  in  part  due  to  developmental  disorder :  in  other  cases  such 
induration  either  represents  the  final  outcome  of  a  disease  leading 
to  degenerative  change,  or  is  the  result  of  some  long-continued 
injurious  influence. 

In  those  forms  of  atrophy  that  are  met  with  in  slowly  pro- 
gressive general  paralysis  (Art.  113),  the  brain-substance  not 
infrequently  appears  more  or  less  hardened,  and  under  the 
microscope  the  neuroglia  is  sometimes  seen  to  be  hyperplastic. 

The  affection  known  as  ependymal  sclerosis  is  characterised 
by  a  thickening  of  the  ependyma,  which  is  either  diffuse  or  in  the 
form  of  small  scattered  prominences  like  grains  of  sand,  and  is 
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due  to  proliferation  of  tlie  sub-epithelial  neuroglia  of  the  ventri- 
cles. When  the  proliferation  occurs  in  scattered  patches,  the  inner 
surface  of  the  ventricle  has  a  granular  appearance  and  is  rough  to 
the  touch ;  in  the  diffuse  form  the  ependyma  is  smooth  and  white 
or  greyish- white.  It  is  accordingly  usual  to  distinguish  one  form 
as  granular  and  the  other  as  smooth  ependymal  sclerosis. 

The  cause  of  the  ependymal  proliferation  is  not  fully  under- 
stood; but  we  can  say  that  in  many  cases  it  developes  in  con- 
nexion either  with  chronic  degenerative  processes  or  with  chronic 
inflammations.  Thus  it  is  apt  to  accompany  the  chronic  lepto- 
meningitis of  general  paralytic  dementia  (Art.  123),  and  it  also 
makes  its  appearance  in  chronic  ventricular  hydrocephalus. 
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CHAPTER   XLIII 
TUMOURS  AND   ANIMAL   PARASITES  OF   THE  BRAIN 

121.  Among  the  tumours  of  the  brain,  there  are  two  that  are 
peculiar  to  the  central  nervous  system,  namely  neuroglioma  and 
glioma. 

Ganglionic  neuroglioma  is  probably  always  referable  to  some 
disturbance  of  the  normal  development  of  the  brain.  It  takes  the 
form  either  of  an  apparent  enlargement  of  some  portion  of  the 
brain  not  marked  off  by  any  definite  boundary  from  the  surround- 
ing tissue,  or  of  a  more  circumscribed  nodose  tumour. 

The  pia  mater  overlying  the  enlarged  portion  is  not  altered, 
and  the  configuration  of  the  gyri  is  in  general  left  intact.  On 
transverse  section  the  difference  in  tint,  normally  so  striking, 
between  the  cortex  and  the  medullary  white  matter  is  indistinct 
or  entirely  absent :  the  tissue  looks  uniformly  white  or  greyish- 
white,  or  the  prevailing  white  appearance  is  variegated  with  a 
sprinkling  of  indistinct  light-grey  flecks.  It  is  of  firmer  consist- 
ence than  the  normal  tissue,  and  sometimes  is  firm  and  tough  ia 
texture. 

The  matrix  of  the  growth  consists  of  neuroglia  (Fig.  2435), 
similar  in  character  to  that  of  the  patches  in  disseminated  sclero- 
sis ;  it  is  sometimes  dense  and  firm,  sometimes  loose  in  texture  (C) 
and  approaching  the  consistence  of  so-called  gelatinous  sclerosis. 
The  tissue  contains  ganglion-cells,  not  only  in  the  region  of  the 
original  cortex,  but  also  within  the  white  matter  of  the  gyri  and  the 
centrum  ovale  ;  these  cells  are  loosely  scattered  (6)  or  aggregated 
in  groups  {A  a).  Some  of  them  are  small ;  others  are  large 
(a  h  c)  and  not  unlike  the  large  ganglion-cells  of  the  spinal  cord. 
MeduUated  nerve-fibres  (t?)  are  visible  only  in  some  parts  of  the 
tumour  (B),  but  they  never  approach  in  size  or  number  the  fibres 
that  are  normally  contained  in  the  white  matter  of  the  brain. 

Grliomata  (Figs.  244  and  245)  are  most  frequently  met  with 
in  the  cerebrum,  less  often  in  the  basal  region  ;  in  the  cerebrum, 
they  are  generally  situated  just  underneath  the  pia  mater.  In 
the  majority  of  cases  the  external  configuration  of  the  surface 
of  the  brain  is  unaltered,  the  presence  of  the  tumour  being  indi- 
cated externally  only  by  a  certain  fulness  over  the  portion  of 
brain  involved  (Fig.  244  6),  and  by  some  discoloration  of  its 
surface.      It  is  rare  for  any  well-defined  swelling  to  be  visible 
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Fig.  243.    Section  from  a  nodose  ganglionic  neuroglioma  of  the  central 

LOBE  of  the  CEEEEKUM. 

(Preparation  made  by  Weigert's  method,  with  haematoxylin  and  potassium  ferro- 
cyanide,  and  mounted  in  Canada  balsam :  x  300) 
A    tissue  abounding  in  ganglion-cells  c     binuclear  ganglion-cells 

^B    tissue  containing  nerve-fibres  d     meduUated  nerve-fibres 

C    gelatinous  portion  e      neuroglia-cells 

a  '  ganglion-cells  in  groups  /     blood-vessel 

b     scattered  ganglion-cells 


Fig.  244.    Telangiectatic  glioma. 
(Frontal  section  through  the  brain :  one-half  the  natural  size) 
a    right  hemisphere  b    glioma  in  the  left  hemisphere 
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externally  (Fig.  245  a  6).  On  transverse  section,  the  bulk  of  the 
tumour  is  occasionally  seen  to  consist  of  tissue  which  in  consist- 
ence and  colour  resembles  pale,  or  in  some  cases  hyperaemic, 
cortical  substance.  More  commonly  however  the  glioma  is  grey, 
greyish-white,  or  greyish-red,  somewhat  translucent  or  yellowish, 
or  mottled  in  places  by  irregular  patches  of  these  different  tints, 
and,  it  may  be,  flecked  with  opaque  white  spots  and  haemor-. 
rhagic  foci  (Fig-  244  6),  its  consistence  being  in  some  parts  softer, 
in  others  firmer,  than  that  of  normal  brain-matter.  Its  tissue  often 
contains  numerous  vessels  filled  with  blood,  whose  calibre  greatly 
exceeds  that  of  normal  cerebral  vessels.     When  the  haemorrhages 


Fig.  245.    Glioma  of  the  pons  and  medulla  oblongata. 

{Basal  aspect  of  the  brain;   three-quarters  of  the  natural  size) 

a    enlarged  pons 

b    rounded  prominences  in  the  region  of  the  pyramids  and  olivary  bodies 

c     medulla  oblongata 

are  very  numerous,  and  occupy  the  greater  part  or  the  whole  of 
the  tumour,  it  may  assume  the  appearance  of  an  apoplectic  patch. 
If  a  portion  of  the  tissue  has  been  destroyed  by  haemorrhage  or 
softening,  the  tumour  encloses  cystic  cavities  with  white  or  brown 
semi-liquid  contents. 

A  glioma  of  the  brain  may  attain  a  diameter  of  from  three  to 
eight  centimetres  or  more.  The  adjoining  cerebral  substance 
either  merges  gradually  into  the  mass  of  the  tumour,  or  is  vis- 
ibly marked  off  from  it  and  pushed  aside  by  its  growth.    Not 
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uncommonly  the  surrounding  tissue  is  softened,  and  sometimes 
even  contains  cysts  of  disintegration. 

In  the  cerebral  axis,  gliomata  are  generally  seated  in  the  pons 
(Fig.  245  a  6)  or  the  medulla  oblongata,  and  sometimes  involve  a 
considerable  portion  of  these  regions. 

The  tumours  consist  of  stellate  neuroglia-cells  (Fig.  246),  but 
the  number  and  size  of  these  cells  vary  greatly,  some  of  them 
having  numerous  filamentous  processes,  while  others  have  a  few 
very  long  and  branched  ones.  The  cells  are  in  general  uni- 
formly distributed,  but  are  sometimes  aggregated  in  small  clus- 
ters. The  cell-processes  are  sometimes  loosely,  sometimes  closely, 
interwoven  into  a  plexus  of  fibres.  Wide  interfibrillar  meshes 
sometimes  give  a  myxomatous  appearance  to  the  growth,  and  such 
tumours  are  generally  described  as  gliomyxomata.  In  many  cases, 
the  majority  of  the  vessels  are  dilated,  and  so  abundant  that  the 
term  telangiectatic  glioma  is 
applied  to  the  tumour.  The 
walls  of  the  blood-vessels  often 
exhibit  hyaline  thickening. 
Proliferation  of  the  adventitia 
not  infrequently  takes  place, 
and  the  vessels  are  thus  sur- 
rounded by  a  thick  sheath  of 
cellular  or  fibro-cellular  tissue. 

The  new  growth  extends  by 
the  proliferous  multiplication  of 
the  neuroglia-cells.  The  nerve- 
fibres  and  ganglion-cells  within 
the  region  of  the  proliferation 
ultimately  perish,  though  they 
often  persist  for  a  remarkably 
long  time.  If  the  glioma  presses 
against  the  pia  mater,  prolifera- 
tion of  its  connective-tissue  cells  takes  place,  and  this  often  results 
in  the  production  of  new  fibrous  tissue,  followed  later  on  by 
neoplastic  proliferation  and  penetration  of  the  glioma  within  the 
meshes  of  the  new  tissue. 

The  aetiology  of  glioma  is  not  certainly  known,  but  probably 
it  is  most  apt  to  develope  in  places  whose  structure,  owing  to  some 
embryonic  peculiarity,  deviates  from  the  normal  type.  This  view 
seems  to  be  confirmed  by  an  observation  of  Steoebe,  that  gli- 
omata occasionally  contain  cysts  lined  with  cylindrical  epithelium. 

Abundant  cellular  hyperplasia  gives  to  some  gliomata  a  sar- 
comatous appearance,  and  to  these  the  term  gliosarcoma  is  usually 
applied.  It  would  1)6  more  correct,  however,  to  describe  such 
growths  as  medullary  gliomata,  inasmuch  as  the  tumour-cells  are 
derived  from  the  cells  of  the  neuroglia. 

True  gliosarcoma  may,  however,  be  produced  Avhen  abundant 


Fig.  246.  Section  from  a  cerebral 
glioma,  with  stellate  cells. 

(Preparation  hardened  in  Mailer's  fluid, 
and  stained  by  Mallory's  method 
with  haematozylin :  x  500) 
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cellular  proliferation  takes  place  in  the  adventitial  sheaths  of  the 
vessels  of  a  glioma,  and  the  resulting  tissue  forms  an  integral 
component  of  the  tumour. 

Sarcomata  of  the  brain  originate  in  its  fibrous  or  connective- 
tissue  components,  such  as  the  pia  mater  or  the  adventitial  sheaths 
of  the  vessels  penetrating  therefrom.  They  are  of  the  spindle- 
celled,  round-celled,  or  polymorphous-celled  varieties,  and  are 
generally  of  marrow-like  consistence.  They  are  more  or  less 
globular  in  shape,  sliarply  defined  from  the  surrounding  tissue,  of 
the  most  various  sizes,  and  either  solitary  or  multiple.  Haemor- 
rhage and  softening  often  take  place  within  them.  By  calcifica- 
tion they  may  in  part  be  transformed  into  psammomata.  When 
sub-pial  they  are  apt  to  invade  the  meninges,  and  so  give  rise  to 
numerous  secondary  metastases  throughout  the  entire  central 
nervous  system.  The  surrounding  brain-substance  is  often  soft- 
ened, the  meninges  are  inflamed,  and  the  ventricles  dilated. 

Small  angiomata  are  not  uncommon  in  the  brain;  they  do 
not,  as  a  rule,  form  actual  tumours,  but  merely  small  reddish 
specks  that  look  not  unlike  recent  centres  of  inflammation.  They 
are  probably  congenital  (Virchow),  and  are  accordingly  classed 
with  the  vascular  naevi.  Generally  speaking,  they  are  due  to 
telangiectasis,  or  in  rare  cases  to  cavernous  metamorphosis,  within 
some  definite  vascular  territory. 

Fibroma  of  the  central  nervous  system  is  rare ;  it  takes  the 
form  of  rounded  nodose  growths. 

Bidder  has  described  an  osteoma  several  centimetres  in 
diameter  which  was  seated  in  the  corpus  striatum.  Benjamin, 
Bernhard,  Taubner,  and  others  have  recorded  cases  of  lipoma. 
(On  cholesteatomata  and  dermoid  cysts  see  Art.  127.) 

Sarcoma  and  carcinoma  sometimes  develope  in  the  brain  as 
secondary  tumours,  usually  in  the  form  of  rounded  nodes. 

The  animal  parasites  met  with  in  the  brain  are  Cysticercus 
and  Hchinococcus  (Art.  127). 
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CHAPTER  XLIV 
THE  PIA  MATER  AND  ARACHNOID 

122.  The  pia  mater  is  a  thin  vascular  membrane  of  con- 
nective tissue,  which  closely  invests  the  entire  surface  of  the  brain, 
and  furnishes  an  adventitial  sheath  to  the  vessels  passing  from  it 
into  the  brain-substance. 

The  arachnoid  is  a  delicate  non-vascular  membrane  immedi- 
ately underlying  the  dura  mater,  and  so  closely  applied  to  it  that 
only  a  capillary  space  intervenes  (the  subdural  space).  Between 
the  arachnoid  and  the  pia  mater  lie  the  subarachnoid  spaces, 
traversed  by  delicate  fibrous  trabeculae  and  membranous  septa 
(the  subarachnoid  tissue)  that  are  overlaid  with  endothelium: 
the  spaces  contain  the  cerebro-spinal  or  subarachnoid  liquid.  The 
pia  mater  and  arachnoid  are  together  referred  to  as  the  internal 
meninges  or  leptomeninges. 

Both  membranes  send  vascular  prolongations  through  the 
anterior  and  posterior  transverse  cerebral  fissures  into  the  ventri- 
cles, the  telae  ehoroideae  or  choroid  plexuses.  These  establish 
communication  between  the  subarachnoid  spaces  and  the  cavities 
of  the  third  and  fourth  ventricles. 

The  conditions  that  give  rise  to  hyperaemia  and  anaemia  of 
the  internal  meninges,  and  the  morbid  appearances  thereby  pro- 
duced, have  already  been  dealt  with  (Art.  112). 

Oedema  of  the  pia  mater  and  of  the  subarachnoid  spaces  is  due 
to  venous  engorgement,  or  to  inflammatory  congestion  and  altera- 
tion of  the  vessel  walls.  It  is  manifested  by  accumulation  of 
liquid  within  the  subarachnoid  spaces,  which  tends  to  widen  the 
sulci,  and  the  condition  is  known  as  meningeal  dropsy. 

In  cases  of  atrophy  of  the  brain  meningeal  dropsy  ex  vacuo  is 
induced  over  the  shrunken  region,  and  the  like  takes  place  when 
from  any  cause  the  brain-substance  undergoes  local  contraction  or 
collapse.  Subarachnoid  and  pial  spaces  that  are  shut  off  from  the 
surrounding  tissue  are  sometimes  distended  with  liquid,  and  give 
rise  to  subarachnoid  and  pial  cysts.  These  are  liable  to  exert  a 
certain  pressure  on  the  adjoining  brain-substance,  but  the  condi- 
tion is  on  the  whole  infrequent.  The  choroid  plexuses  of  the 
ventricles,  on  the  other  hand,  are  apt  to  undergo  cystic  degener- 
ation, and  then  enclose  a  varying  number  of  cysts  from  the  size 
of  a  pea  to  that  of  a  bean,  or  seldom  larger.     The  cyst-wall  consists 
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of  vascular  connective  tissue,  covered  externally  with  polygonal 
epithelium  and  internally  with  an  endothelial  lining  membrane. 
The  interior  of  the  cyst  is  sometimes  traversed  by  fibrous  trabe- 
culae  and  vessels. 

Haemorrhages  into  the  pia  mater  are  due,  as  a  rule,  to  extreme 
venous  engorgement,  and  give  rise  to  the  appearance  of  circum- 
scribed haemorrhagic  spots  on  the  membrane,  or  to  more  or  less 
extensive  collections  of  blood  in  the  subarachnoid  spaces.  Further 
causes  of  haemorrhage  are  traumatic  injury  and  changes  in  the 
blood  due  to  infection  or  poisoning.  The  rupture  of  atheroma- 
tous arteries  within  the  pia  mater  naturally  leads  to  haemorrhage 
into  the  subarachnoid  spaces,  and,  when  the  arachnoid  gives  way, 
into  the  subdural  space  also.  In  cases  of  cerebral  haemorrhage 
extending  into  the  ventricles,  blood  may  pass  by  way  of  the  trans- 
verse fissures  into  the  subarachnoid  spaces.  In  cortical  apoplexy 
the  blood  generally  spreads  beneath  the  pia  mater. 

The  blood  thus  effused  into  the  pia  mater,  the  subarachnoid, 
and  the  subdural  space,  is  altered  and  absorbed  in  the  same  way  as 
in  other  organs.  During  the  process  of  resorption  the  tissue 
involved  is  liable  to  proliferate  and  so  lead  to  the  formation  of 
new  connective  tissue. 

In  infants  who  die  shortly  after  birth  subdural  and  intrameningeal  haemor- 
rhages are  often  observed.  They  are  due  to  rupture  of  the  sinuses  or  of  the 
subarachnoid  veins  by  displacement  of  the  cranial  bones  during  parturition. 

References  on  Oysts  of  the  Meninges,  of  the  Choroid  Plexuses,  and 
of  the  Adventitial  Lymph-Sheaths. 

Arndt  :  fitat  crible  F.  4.  72  1878 

BizzozEEO :  Rivista  din.  di  Bologna  1868 

GoLGi :  Rivista  din.  di  Bologna  1876 

Haeckel :  Path.  anat.  of  the  choroid  plexus  V.  A.1%  1859 

Luschka:  Die  Adergejleclite  des  menschlichen  Gehirns  Berlin  1855 

Ripping  :  Cystic  degeneration  of  the  cerebral  cortex  Z.  f.  Psych.  30  1874  and 

32  1875 
ScHLESiNGER :  Lymph augiectasis  of  the  cerebral  cortex  A.f.  Psych,  x  1880 
ScHNOPFHAGBN :   Wiener  Sitzungsber.  Lxxiv  1876 

123.  Acute  inflammation  of  the  internal  meninges,  or  acute 
leptomeningitis,  is  haematogenous,  traumatic,  or  consecutive  to 
disease  of  the  brain,  of  the  dura  mater,  of  the  skull-bones,  of  the 
orbit,  or  of  the  nasal  cavity  and  its  accessory  spaces.  In  many 
cases  specific  bacteria  are  proved  to  be  the  cause  of  the  inflamma- 
tion, especially  when  it  takes  a  purulent,  sero-purulent,  or  fibrino- 
purulent  form.  These  forms  are  in  general  due  to  pyogenic 
micrococci,  and  in  some  cases  to  the  Diplocoocus  pneumoniae.  A 
special  micrococcus  has  been  described  by  Weichsblbaum  and 
GoLDSCHMiDT,  which  they  have  called  Biplococcus  intracellularis. 
In  one  case  Neumann  and  Schepfer  discovered  a  bacillus  which 
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resembled  the  typhoid  bacillus.  Nettee  found  in  a  case  of 
meningitis  following  otitis  media  a  bacillus  resembling  the  pneu- 
monia-bacillus of  Fkiedlander. 

In  the  disease  known  as  epidemic  cerebro-spinal  meningitis, 
according  to  FoA,  Bordoni-Uefeedxjzzi,  Feankel,  Weichsel- 
BAXJM,  and  others,  the  Diplocoocus  pneumoniae  appears  to  be  the 
exciting  cause  in  the  majority  of  cases ;  but  other  micro-organisms 
have  been  observed  (Bonome)  in  certain  instances. 

Meningitis  sometimes  arises  in  the  course  of  endocarditis, 
croupous  pneumonia,  acute  articular  rheumatism,  pleurisy,  scarlet 
fever,  typhoid  fever,  ulcerative  phthisis,  decubital  ulcerations  or 
bed-sores,  and  so  on.  It  may  be  regarded  in  some  cases  as  a  local 
manifestation  of  the  primary  infection,  in  others  as  the  result  of  a 
secondary  infection. 

In  the  form  described  as  acute  serous  leptomeningitis  the 
subarachnoid  spaces  and  the  pia  mater  are  the  seat  of  an  inflam- 
matory oedema  accompanied  by  the  signs  of  congestive  hyperaemia: 
at  the  time  of  death,  however,  the  subarachnoid  liquid  is  often  but 
little  increased  in  quantity,  and  the  hyperaemia  has  given  place 
to  a  moderate  distension  of  the  vessels.  The  signs  of  inflamma- 
tion may  thus  be  demonstrable  only  by  the  aid  of  the  microscope, 
which  shows  the  pia  mater  to  be  sparingly  infiltrated  with  leu- 
cocytes. A  considerable  accumulation  of  liquid  is  generally  found 
in  the  ventricles,  constituting  an  acute  ventricular  dropsy. 

Acute  serous  leptomeningitis  is  most  frequently  observed  in 
children,  arising  at  the  outset  or  during  the  course  of  infective 
diseases,  such  as  measles,  scarlet  fever,  etc.  The  aetiology  of  the 
affection  is,  however,  often  undiscoverable. 

Purulent,  fibrino-purulent,  and  sero-purulent  inflammations 
are  characterised  by  the  effusion  of  a  corresponding  exudation 
into  the  subarachnoid  spaces  and  the  pia  mater.  The  exudation 
is  turbid  and  puriform,  or  actually  purulent,  or  yellowish-white 
and  pulpy,  and  collects  chiefly  in  the  sulci  and  about  the  vessels, 
though  it  often  spreads  in  a  thin  layer  over  the  whole  surface  of 
the  convolutions.  Occasionally  haemorrhages  are  visible  here 
and  there,  especially  in  suppuration  following  traumatic  injury  of 
the  meninges ;  but  they  are  not  infrequent  in  haematogenous  and 
consecutive  or  conducted  inflammations.  Sometimes  the  arach- 
noid tissue  is  so  thickly  infiltrated  with  pus  that  the  convolutions 
can  scarcely  be  made  out  through  the  overlying  stratum. 

The  exudation  is  generally  confined  to  the  pia  mater  and  the 
subarachjioid  spaces ;  but  it  may  extend  into  the  cortex  along 
the  pial  sheaths  of  the  vessels.  If  the  meningeal  suppuration 
follows  an  injury  to  the  meninges  and  the  brain,  the  latter  may 
also  become  the  seat  of  suppuration  ;  pus  sometimes  accumulates 
in  the  subdural  space  in  such  cases.  Suppuration  originating  in 
the  scalp,  in  the  bones  of  the  skull,  or  in  the  dura  mater,  is 
likewise  apt  to  lead  to  subdural  accumulations  of  pus. 
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The  seat  of  the  purulent  inflammation  is  naturally  dependent 
on  the  locality  of  the  exciting  cause.  Haematogenous  inflamma- 
tions arise  both  at  the  base  and  on  the  convexity  of  the  brain.  In 
the  disease  known  as  cerebro-spinal  meningitis  the  spinal  mem- 
branes also  are  involved,  often  indeed  to  a  greater  extent  than  the 
cerebral  meninges.  Inflammation  originating  in  the  petrosal  bone 
extends  in  the  first  instance  to  the  adjacent  portions  of  the  brain. 
Traumatic  forms,  for  obvious  reasons,  most  frequently  involve  the 
convexity;  but  they  sometimes  start  at  the  base,  as  for  example 
after  injury  to  the  roof  of  the  orbital  cavity. 

Within  the  region  of  suppuration  not  only  the  meshes  of  the 
tissue  but  the  vascular  walls  are  infiltrated  with  cells.  If  the 
process  be  long  continued,  degenerative  changes  make  their 
appearance  in  the  contiguous  portions  of  the  brain,  being  indi- 
cated by  swelling  and  disintegration  of  the  ganglion-cells  and 
nerve-fibres. 

When  the  inflammation  extends  through  the  transverse  fissure 
and  involves  the  choroid  plexus,  purulent  or  fibrino-purulent 
exudations  appear  in  the  ventricle,  increasing  the  volume  of  its 
liquid  contents  and  rendering  these  turbid,  while  the  plexus 
becomes  swollen  and  covered  over  with  pus  or  fibrino-purulent 
deposits.  The  ependyma  and  the  underlying  cerebral  substance 
become  moister  and  sometimes  undergo  inflammatory  softening. 
By  the  dilatation  of  the  cerebral  ventricles  the  brain  is  compressed, 
the  gyri  are  flattened,  and  cerebro-spinal  liquid  is  forced  out  from 
the  subarachnoid  spaces.  The  meningeal  tissue  in  consequence  is 
deprived  of  its  normal  moisture,  and  the  arachnoid  and  the 
■  internal  surface  of  the  dura  mater  have  accordingly  a  strikingly 
dry  appearance. 

Purulent  inflammation  of  the  meninges  usually  terminates  in 
death ;  the  less  severe  forms,  however,  are  sometimes  recovered 
from,  the  exudation  being  re-absorbed.  They  leave  behind  them 
white  fibrous  thickenings  of  the  pia  mater  and  arachnoid,  and  at 
times  also  adhesions  to  the  dura  mater,  due  to  proliferous  over- 
growth of  connective  tissue  during  the  process  of  recovery  and 
re-absorption.  Occasionally  too  the  ventricles  are  permanently 
dilated. 

References  on  the  Aetiology  and  Morbid  Anatomy  of  Acute 
Meningitis  (see  also  Art.  103). 

Adenot  :  Des  me'ningites  microbiennes  Paris  1890 

BoNOME :  Aetiology  of  epidemic  cerebro-spinal  meningitis  Ziegler's  Beitrage 

1890 
VON  Campe  :  Morbid  anatomy  of  the  meningitic  processes  Ziegler's  Beitrage 

u  1886  (p.  458) 
Centanni:  a  new  micro-organism  in  meningitis  A. per  le  scienze  med.  1893 
VON    Herwebden  :    Micro-organisms    in    epidemic    meningitis   Inaug.   Diss. 

Utrecht  1893  (with  references) 
HiLDEBRAND  :  Aeliologie  d.  Meningitis  traumatica  suppurativa  Jena  1886 
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KoKNER :  Die  otitischen  Erkrankungen  des  Gehirns  u.  d.  Hirnhaute  Frankfort 

1894  (with  references) 
Netter  :   Suppurative  meningitis  France  med.  1889,  abstracted  in   Cent.  f. 

Bakteriologie  vi  1889 
Pitt  :  Meningitis  from  internal  otitis  B.  M.  J.  1 1890  [(with  references) 

Quincke  :  Serous  meningitis  Bergmann's  Samml.  klin.  Vortrdge  67  Leipzig  1893 
Strumpell :  D.  A.  f.  klin.  Med.  xxx 
WuNDERLiCH  :  A.  d.  Heilk.  v  and  vii 
Zenker:  D.  A.f.  klin.  Med.  1 1865 

124.  The  existence  of  chronic  leptomeningitis  is  often  in- 
ferred from  the  presence  of  white  thickenings,  diffuse  or  dissemi- 
nated in  spots  or  streaks,  in  the  arachnoid  and  pia  mater ;  but  as  a 
rule  these  appearances  cannot  be  regarded  as  due  to  true  chronic 
inflammation.  In  many  cases  such  thickenings  consist  essentially 
of  hyperplastic  connective  tissue,  and  are  simply  the  result  of  past 
inflammatory  processes.  In  other  cases  they  are  produced  not  so 
much  by  inflammation  as  by  continued  and  often-repeated  dis- 
turbances of  circulation  and  nutrition,  and  in  particular  by  venous 
engorgement.  They  are  met  with  also  in  connexion  with  chronic 
renal  disease  and  chronic  alcoholism,  and  in  this  case  also  are 
chiefly  due  to  fibrous  hyperplasia,  or  occasionally  to  endothelial 
proliferation. 

Chronic  inflammation,  indicated  by  persistent  ceUular  infiltra- 
tion of  the  meninges,  for  the  most  part  takes  place  in  the  neigh- 
bourhood of  bones  affected  with  chronic  suppuration,  tuberculosis, 
and  syphilis,  and  around  tumours  and  foci  of  degeneration  within 
the  brain,  etc. ;  and  as  might  be  expected  from  its  mode  of  origin 
it  is  usually  of  limited  extent.  It  attains  its  greatest  degree  of 
independent  development  in  the  form  of  cerebral  disease  that 
is  associated  with  paralytic  dementia,  and  has  already  been  de- 
scribed in  Art.  113. 

When  the  morbid  process  has  made  considerable  progress,  the 
internal  membranes,  and  especially  the  pia  mater,  are  rendered 
strikingly  turbid,  white,  and  opaque,  especially  in  the  sulci  along 
the  vessels,  and  often  on  the  surface  of  the  gyri  also.  Most  fre- 
quently the  seat  of  the  disease  is  in  the  anterior  portions  of  the 
cerebrum,  in  other  words  the  frontal,  central,  and  parietal  lobes, 
the  other  lobes  being  much  less  affected,  and  some  parts  escaping 
altogether.  Cases  however  occur  in  which  other  portions,  such  as 
the  temporal  lobes,  are  those  most  markedly  altered. 

The  most  striking  textural  change  is  the  cellular  infiltration, 
principally  of  the  pia  mater  (Fig.  247  A),  and  to  a  less  degree  of 
the  subarachnoid  tissue  (6).  This  is  in  general  accompanied  by 
more  or  less  extensive  fibrous  hyperplasia  of  these  structures.  In 
the  later  stages  accumulations  of  round-cells  (i^),  of  red  blood- 
corpuscles,  and  of  brown  or  yellow  pigment  (ij),  are  apparent  in 
the  adventitial  sheaths  of  the  cortical  blood-vessels,  and  sometimes 
even  of  those  supplying  the  white  matter. 
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The  cellular  exudations  are  never  uniformly  distributed,  but 
vary  much  even  within  the  tissue  of  the  pia  mater.  In  the  cortex 
comparatively  few  vessels  are  surrounded  by  aggregations  of  cells, 
and  in  the  white  matter  the  foci  of  infiltration  are  usually  few  and 
scattered.  Some  of  the  vessels,  moreover,  exhibit  hyaline  thick- 
ening or  fibrous  hyperplasia  of  their  adventitial  coats.  .The 
nerve-substance  shows  the  changes  described  in  Art.  113. 

The  aetiology  and  mode  of  origin  of  chronic  meningo-enceph- 
alitis  is  as  yet  imperfectly  understood.     As  hereditary  predispo- 


? 
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Fig.  247.  Chbonic  meningo-encephalitis  with  atkophy  of  the  cbreebal  cortex. 

{Preparation  hardened  in  Mutter's  fluid  and  alcohol,  stained  with  haematoxylin,  and 
mounted  in  Canada  balsam :  x  150) 

tissue  is  reduced  to  a  delicate  re- 
ticulum 
cellular  infiltration  of  the  pia  mater 
unaltered  blood-vessel 
blood-vessels  whose  pial  sheaths  con- 
tain round-cells 
blood-vessels  whose  pial  sheaths  con- 
tain round-cells  and  pigment 
Ic    ganglion-cells  of  the  cellular  layer 


arachnoid  b    subarachnoid  tissue 

pia  mater 

external  layer  of  slender  fibres 

layer  with  few  cells  in  the  external 
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sition  on  the  one  hand,  and  on  the  other  severe  mental  exertion 
and  exciting  or  exhausting  influences  of  every  kind,  may  demon- 
strably act  as  antecedent  conditions  of  the  affection,  infective 
agencies  would  seem  in  many  cases  to  be  inoperative  in  its  causa- 
tion. Infection  can  thus  be  assumed  as  a  cause  only  when  the 
process  is  immediately  consequent  on  undoubtedly  infective  dis- 


Fig.  248.    Chronic  disseminated  tuberculous  meningo-encephalitis. 

{Preparation  hardened  in  Mailer's  fluid  and  alcohol,  stained  with  alum-carmine,  ami- 
mounted  in  Canada  balsam :  x  10) 

A  cortical  grey  matter 
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eases,  such  as  cerebro-spinal  meningitis,  typhoid  fever,  erysipelas, 
articular  rheumatism,  or  syphilis.  Even  in  these  cases  the  second- 
ary affection  is  just  as  likely  to  be  due  to  disorders  of  nutrition 
consequent  on  or  induced  by  the  previous  disease. 
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Most  cases  of  chronic  meningo-encephalitis  would  thus  appear 
to  be  in  their  inception  mainly  dependent  on  degenerative  changes 
set  up  by  excessive  functional  activity  or  due  to  disorders  of  cir- 
culation and  nutrition  (Art.  113). 

Chronic  leptomeningitis  is  occasionally  combined  with  internal 
proliferous  pachymeningitis  (Art.  128). 

125.  Tuberculosis  of  the  internal  meninges  is,  in  most  cases, 
of  metastatic  origin,  though  the  disease  may  also  extend  by  con- 
tinuity from  neighbouring  tissues,  such  as  the  cranial  bones  and 
the  dura  mater,  and  thus  involve  the  arachnoid  and  the  pia  mater. 

When  tubercle-bacilli  in  large  numbers  enter  with  the  arterial 
blood  the  vessels  of  the  pia  mater,  disseminated  miliary  tuber- 
culosis is  induced,  and  is  manifested  by  the  eruption  of  grey 
tubercles  (Fig.  248  c  d  e).  Most  of  these  are  seated  in  the  me- 
ninges (C),  but  a  few  appear  also  in  the  cortex  and  white  matter 
(^  E).  The  tubercles  lie  chiefly  in  the  vessel-walls,  and  consist 
essentially  of  cellular  thickenings  of  the  walls  themselves  (Fig. 
209/).  In  the  brain  itself  the  accumulations  of  cells  may  at  first 
be  limited  to  the  pial  sheaths  (/) ;  later  on  they  extend  to  the 
cerebral  parenchyma. 

Disseminated  metastatic  tuberculosis  of  the  central  nervous  sys- 
tem usually  pursues  a  rapid  course,  and  terminates  fatally  in  a  few 
weeks.  Along  with  the  eruption  of  tubercles  diffuse  inflammatory 
exudations  make  their  appearance  (Fig.  209  g')  ;  these  are  some- 
times sero-purulent  or  fibrino-purulent,  and  infiltrate  not  only  the 
meninges,  but  the  nerve-substance  itself,  or  collect  in  the  cerebral 
ventricles.  The  process  might  thus  be  fitly  described  as  tubercul- 
ous meningo-encephalitis.  The  inflammation  is  apt  to  extend 
from  the  pia  mater  to  the  external  strata  of  the  brain-suhstance 
and  leaid  to  swelling  and  disintegration  of  the  nerve-fibres  and 
ganglion-cells.  Cellular  infiltration  of  the  cerebral  nerves  as  they 
leave  the  base,  with  swelling  and  degeneration  of  their  axis-cylin- 
ders and  medullary  sheaths,  is  not  uncommon.  It  is  only  in  rare 
and  chronic  cases  that  there  is  no  or  but  little  diffuse  exudation,  if 
the  eruption  of  tubercles  is  at  all  abundant. 

When  the  disease  invades  the  choroid  plexuses  within  the  ven- 
tricles, tubercles  and  turbid  exudations  make  their  appearance,  and 
the  ventricles  are  distended,  sometimes  to  a  remarkable  extent, 
with  a  more  or  less  purulent  effusion.  The  brain  may  thereby  be 
so  compressed  that  the  convolutions  are  flattened  and  the  sub- 
arachnoid liquid  is  displaced,  so  that  the  surface  of  the  arachnoid 
appears  abnormally  dry. 

As  a  rule  the  tubercles  in  the  pia  mater  rapidly  undergo  casea- 
tion, and  only  in  rare  and  chronic  cases  (Fig.  248)  are  tubercles 
developed  that  resemble  the  familiar  large-celled  nodules  of  the 
lymph-glands. 

Metastatic  tuberculosis  is  most  frequently  met  with  in  the  basal 
region  supplied  by  the  arteries  entering  the  sylvian  fissure,  and 
2g, 
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is  usually  bilateral :  in  some  instances,  however,  the  eruption  is  more 
marked  on  one  side  than  on  the  other,  and  cases  are  not  rare  in 
which  one  side  only  is  involved. 

If  the  bacilli  enter  the  region  supplied  by  those  arteries  which 
pass  from  the  sylvian  fissure  to  the  surface  of  the  brain,  more 
or  less  extensive  unilateral  or  bilateral  tuberculous  meningitis  of 
the  convex  aspect  is  induced.  The  arteries  of  the  median  plane 
of  the  cerebrum,  occipital  lobe,  cerebellum,  medulla  oblongata,  and 
spinal  cord  may  be  involved  alone,  or  in  combination  with  the 
arteries  of  the  sylvian  fissure  ;  their  participation  in  the  tubercul- 
ous process  is  indeed  by  no  means  uncommon. 

When  the  tubercle-bacilli  enter  the  region  supplied  by  only  a 
single  branch  of  one  of  the  meningeal  vessels,  but  few  tubercles 


Fig.  249.    Large  solitary  tubercle  of  the  cerebellar  pia  mater. 
( Vertical  section :  natural  size) 
a    cerebellum  d    grey  cortical  zone  with  yellowish-white 

0    dura  mater  adherent  to  the  tubercle  nodular  enclosures 

c    laminated  tubercle 

are  formed  in  the  first  instance.  But  as  the  patient  does  not  in 
general  die  at  once,  the  tubercles  become  aggregated  into  larger 
masses,  and  form  either  extensive  foci  occupying  the  siSci 
especially,  or  rounded  nodes  of  the  size  of  a  walnut  or  even  of  a 
hen's  egg  or  larger,  commonly  known  as  solitary  tubercles  (Fig. 
249  e).  The  centre  is  usually  yellowish- white,  cheesy,  sometimes 
firm  and  dense,  in  other  cases  softer  and  often  more  or  less  difflu- 
ent ;  only  in  rare  instances  is  it  partially  calcified.  The  nodes  are 
marked  off  from  the  surrounding  tissue  by  a  greyish-red  or  grey 
and  translucent  zone  of  granulations  ((Z),  which  not  infrequently 
contains  typical  tubercles.  From  the  brain-substance  they  are 
either  clearly  defined  or  pass  gradually  into  it,  and  sometimes  they 
are  adherent  to  the  dura  mater.     At  the  periphery  of  the  solitary 
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tubercle  the  connective  elements  of  the  nerve-tissue  often  pass 
into  a  state  of  active  proliferation,  and  produce  dense  fibro- 
cellular  tissue. 

Solitary  tubercles  of  the  pia  mater  affect  the  surrounding 
tissue  by  pressure  (Fig.  249  a)  and  by  impeding  the  circulation 
of  blood  and  lymph.  The  other  portions  of  the  central  nervous 
system  may  be  entirely  free  from  tubercles  ;  but  it  not  uncom- 
monly happens  that  bacilli  escape  from  the  solitary  tubercles  and 
lead  to  the  formation  of  disseminated  meningitic  nodes,  as  well  as 
to  diffuse  meningitis.  It  is  moreover  not  impossible  for  renewed 
infection  of  the  blood  to  take  place,  for  example,  by  rupture  into 
the  transverse  sinus,  and  in  this  way  metastatic  miliary  tuber- 
culosis may  be  superinduced. 

Tuberculdsis  which  developes  in  the  central  nervous  organs 
owing  to  conveyance  of  the  virus  from  the  adjacent  structures 
naturally  depends,  as  to  its  situation  and  distribution,  on  the  posi- 
tion of  the  starting-point.  Tuberculosis  of  the  petrosal  bone 
extends,  as  a  rule,  to  the  temporal  lobe  and  the  base  of  the  frontal 
lobe.  Once  these  parts  are  infected,  the  characteristic  nodules 
form  in  varying  numbers  about  the  seat  of  infection,  and  these 
may  in  the  course  of  time  become  aggregated  into  larger  masses. 
Disseminated  tuberculosis  is  superinduced  by  the  diffusion  of  the 
bacilli  through  the  cerebro-spinal  lymphatics. 

References  on  Tuberculosis  of  the  Internal  Meninges. 

VON  Campe  :  Meningit.  u.  meningoencephalit.  Processe  Tubingen  1882 
Hoche:  Tuberculosis  of  the  central  nervous  system  A./.  Psych,  xix  1887 
HiJTTENBRENNER :  Changes  in  the  cerebral  cortex  in  tuberculous  inflammation 

of  the  pia  mater  Prag.  Z.f.  Heilk.  viii  1887 
Raymond  :  Various  forms  of  tuberculous  leptomyelitis  Rev.  de  med.  vi  1886 
KiNDFLEisoH ;  Miliary  tubercle  V.  A.2i  1862 

■Schultze:  Tuberculous  cerebro-spinal  leptomeningitis  V.  A.  68  1876 
ViECHOW ;  Krankhafte  GescJiwiUste  ii  1869 

126.  Syphilis  of  the  central  nervous  system  usually  makes 
its  appearance  some  years  after  the  disease  has  become  constitu- 
tional, that  is  to  say,  at  the  same  time  as  the  so-called  tertiary 
symptoms ;  it  rarely  supervenes  in  the  stage  of  secondary  symp- 
toms. The  characteristic  morbid  change  is  the  formation  of  cir- 
cumscribed inflammatory  nodes  or  gummata,  which  are  usually 
situated  in  the  meninges  and  the  cortical  stratum  of  the  brain  or 
of  the  cord,  rarely  in  the  interior. 

Their  formation  begins  with  circumscribed  inflammation  in  the 
pia  mater  and  subarachnoid  tissue,  which  is  soon  followed  by  the 
development  of  a  greyish  or  greyish-red  semi-translucent  or 
gelatinous  patch  of  granulation-tissue  (Fig.  250).  In  the  earlier 
stages  this  tissue  is  highly  cellular  (^),  and  contains  a  varying 
number  of  new-formed  blood-vessels.     As  the  process  advances 
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some  of  the  granulation-tissue  usually  becomes  fibro-cellular  (<?i), 
and  some  undergoes  caseation  (^d^'). 

In  cases  of  severe  inflammation  of  the  pia  mater  the  contigu- 
ous brain-substance  never  escapes,  the  morbid  process  extending  to 
the  cortex  not  only  along  the  pial  sheaths  (/j)  of  the  vessels,  but 
also  directly  (g}. 

Arterial  branches  (e)  within  the  inflamed  region  are  likewise 
involved,  the  adventitia,  and  the  media  and  the  intima  also,  becom- 
ing the  seat  of  an  inflammation  characterised  according  to  the 


Fig.  250.    Gummatous  syphilitic  meningo-encephalitis. 

(Preparation  hardened  in  Milller's  fluid  and  alcohol,  stained  with  alum^carmine,  and 
mounted  in  Canada  balsam :  x  15) 
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stage  of  the  process  either  by  cellular  infiltration  and  prolifera- 
tion, or  by  fibro-cellular  hyperplasia.  The  intima  is  in  gen- 
eral the  most  affected  (e),  the  hyperplastic  thickening  which  it 
undergoes  being  often  so  considerable  that  the  lumen  of  the  vessel 
is  greatly  diminished,  and  sometimes  even  obliterated.  Oblitera- 
tion results  as  a  rule  when  thrombosis  is  superadded  to  the  endar- 
teritic  thickening. 

The  gummatous  nodes  may  be  either  single  or  multiple,  the 
single  nodes  being  sometimes  very  small.     Indeed,  the  specific  in- 


iKT.  126]  GUMMA   OF  THE  MENINGES  453 

flammation  and  proliferation  may  be  practically  limited  to  certain 
spots  on  the  vessel-wall,  and  these  give  rise  to  the  thickening  just 
referred  to.  More  frequently,  hovs^ever,  larger  nodes  are  formed, 
and  to  these  the  term  gummata  is  usually  restricted.  They  ex- 
tend over  the  surface  of  the  brain,  chiefly  along  the  sulci,  and 
their  form  is  moulded  accordingly.  In  the  sylvian  fissure  they 
are  elongated;  at  the  base  and  in  the  cord  they  form  flattened 
patches  of  various  shapes.  In  rare  cases  the  inflammatory  infil- 
tration of  the  membranes  at  the  base  of  the  brain  is  more  diffuse 
and  indefinite. 

If  the  inflammation  extends  deeply  into  the  cerebral  substance, 
the  node  gradually  assumes  a  rounded  form,  and  occasionally 
grows  to  the  size  of  a  walnut ;  its  external  boundary,  however, 
usually  remains  irregular.  This  is  also  apt  to  be  the  case  with 
nodes  developing  ab  initio  in  the  interior  of  the  brain.  The  very 
smallest  foci  are  doubtless  capable  of  re-absorption,  but  the  larger 
nodes  generally  become  indurated  and  in  part  caseous.  When 
caseation  takes  place  at  several  points  within  a  node,  its  section 
appears  mottled  with  grey  and  yellow,  until  by  coalescence  of  the 
caseous  spots  the  whole  of  the  central  portion  becomes  uniformly 
yellow. 

The  induration  generally  accompanies  the  caseation,  but  in 
some  cases  it  takes  place  without  the  latter.  It  gives  rise  to 
cicatricial  thickening  of  the  meningeal  tissue,  often  also  to  adhe- 
sions with  the  adjoining  parts  of  the  dura  mater.  When  the 
gummatous  node  has  already  undergone  partial  caseation,  the 
cicatrices  enclose  cheesy  masses. 

The  tissue  of  the  brain  and  cord  naturally  perishes  within 
the  region  of  the  specific  inflammation.  Ischaemic  and  haemor- 
rhagic  softening  of  the  surrounding  tissue  is  often  superadded ; 
it  is  consequent  on  the  local  disturbance  of  circulation  caused 
by  arteritis  and  mechanical  compression.  In  some  cases  these 
degenerative  processes  are  very  wide-spread  and  intense.  Nerves 
included  within  the  focus  of  inflammation  become  infiltrated,  and 
at  a  later  stage  are  so  surrounded  and  permeated  by  dense  hyper- 
plastic connective  tissue  that  they  atrophy  and  disappear. 

References  on  Syphilis  of  the  Internal  Meninges. 

Baumgakten:  Syphilitic  arteritis  V.  A.  73  1878,  76  1879,  86  1881,  and  111 

1888 
Bibrfreund;    Hereditary  syphilis  of  the  central  nervous  system   Ziegler's 

Beitrage  m 
Braus  :  Die  Hirnsyphilis  Berlin  1873 
Buttersack:  Syphilis  of  the  central  nervous  system  A./.  Psych,  xvii  1886 

(with  references) 
Fournier:  La  syph.  du  cerveau  Paris  1879,  and  Lefonssur  la  syph.  2nd  edition 

Paris  1881 
Heubner :  a.  d.  Heilk.  xi  1870 ;  Die  luetische  Erkrankung  der  Hirnarterien 

Leipzig  1874 
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Ilberg  :  Gummata  of  the  corpora  quadrigemina  A .  f.  Psych,  xxvi  1894  (with 

references) 
JoFFROY  and  Letienne  :  Cerebral  syphilis  A .  de  me'd.  exp.  m  1891 
Kahler  :  Multiple  syphilitic  neuritis  of  the  nerve-roots  Z.  f.  Heilk.  viii  1887 
Oppenheim:  Zur  Kenntn.  d.  syph.  Erkrank.  des  Cenlralnervensy stems  Berlin 

1890 
Pick  :  Cerebrospinal  syphilis  Prag.  Z.  f.  Heilk.  xiii  1892 
RuMPP  :  Die  syphilitischen  Erkrankungen  des  Nervensystems  Wiesbaden  1887 
SiEMERLiNG  :  Congenital  cerebral  and  spinal  syphilis  A.  f.  Psych,  xx  1888; 

Syphilis  of  the  central  nervous  system  ibidem  xxii  1890 
Stoeber  :  Des  accidents  meningitiques  de  la  syph.  hereditaire  Paris  1891 
ViRCHOw:   V.  A.  15  1859,  and  Die  krankhaften  GeschwUlste  ii  1869 
Westphal  :  Allg.  Z.f.  Psych,  xx  1863,  and  Charite-Annalen  i  1876 

127.  The  tumours  of  the  internal  meninges  of  the  brain,  of 
the  choroid  plexuses,  and  of  the  ependymal  lining  of  the  ven- 
tricles, belong  for  the  most  part  to  the  group  of  connective-tissue 
growths  ;  but  epithelial  tumours  (carcinomata)  are  also  met  with. 

In  the  first  place,  there  is  a  group  of  endothelial  tumours 
classed  with  the  sarcomata  and  taking  the  form  of  soft  nodes,  or 
less  frequently  of  expanded  superficial  growths.  Cases  occur  in 
which  the  endothelial  neoplastic  growth  extends  over  the  entire 
central  nervous  system  '(Fig.  251),  leading  to  thickening  and 
whitish  turbidity  of  the  meninges,  and  at  the  same  time  invading 
the  substance  of  the  brain  and  cord  along  the  course  of  the  pial 
sheaths  of  the  vessels. 

The  cut  surface  of  the  endothelial  sarcoma  is  marrowy,  grey- 
ish-white or  greyish-red,  sometimes  rather  gelatinous,  very  seldom 
pigmented  or  melanotic.  The  growth  starts  in  the  adventitia  of 
the  vessels  (Fig.  251  f  g  K),  and  partly  also  in  the  endothelium 
(c?  e)  which  covers  the  fibrous  strands  of  the  arachnoid,  of  the 
subarachnoid  tissue,  and  of  the  pia  mater.  The  newly-formed 
cells  usually  attain  a  high  degree  of  development,  and  resemble 
in  appearance  the  polymorphous  epithelioid  cells  of  carcinomatous 
growths.  As  moreover  they  lie  embedded  in  a  stroma  formed 
from  the  meningeal  tissue,  and  are  grouped  in  dense  masses  within 
its  meshes,  they  are  classed  with  the  alveolar  sarcomata  or  alve- 
olar endotheliomata  (Fig.  251). 

The  existing  records  seem  to  show  that  this  form  of  sarcoma 
is  that  most  frequently  met  with  in  the  internal  meninges ;  but 
cases  of  ordinary  sarcoma,  myxosarcoma,  and  myxoma  have  been 
observed,  and  angiosarcoma,  angiomyxoma,  and  angiomyxosarcoma 
are  not  unknown  (Art.  104). 

Fibromata,  lipomata,  chondromata,  and  osteomata  are  very 
rare ;  they  have  been  noted  in  the  meninges  and  in  the  ven- 
tricular plexuses,  and  form  small  nodular  and  lobular  tumours, 
which  compress  and  thrust  aside  the  underlying  cerebral  and 
spinal  substance. 

Another  rare  tumour  of  the  internal  meninges  is  composed 
essentially  of  a  dense  fibrous  stroma,  enclosing  large  cystic  cavi- 
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ties  filled  with  lymph.  It  has  a  certain  resemblance  to  connective 
tissue  in  a  state  of  intense  oedema,  but  is  distinguished  from  this 
by  the  presence  of  abundant  iibrous  hyperplasia,  which  marks  it 
off  sharply  from  the  surrounding  tissue  and  forms  in  its  interior 
comparatively  stout  and  broad  intercystic  septa.  The  growth  is 
therefore  a  neoplasm,  and  might  be  described  as  cystic  lymphan- 
gioma or  cystic  fibroma. 

An  excessive  development  of  the  normal  '  brain-sand '  is  very 
often  observed  in  the  ventricular  or  choroid  plexuses,  which 
thereby  become  perceptibly  enlarged  and  acquire  an  opaque 
whitish  appearance.  Calcareous  concretions  are  apt  to  be  formed 
in  meningeal  tumours  in  combination  with  calcification  of  the 
vessels.  When  such  calcareous  deposits  form  a  prominent  com- 
ponent of  the  tumour,  it  is  called  a  psammoma  (Fig.   255). 


Fig.  251.    Alveolar  endothelioma  of  the  pia  mater. 

(Diffuse  neoplasm  extending  over  the  entire  surface  of  the  centra],  nervous  system : 
preparation  hardened  in  Mailer's  fluid,  stained  with  haematoxylin  and  carmine, 
and  mounted  in  Canada  balsam :  x  30) 

a  b    internal  meninges  e    gland-like  tubnles  composed  of  endo- 
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thelifl.1  np.nia  Inla.r  prnwrths 
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The  concretions  take  the  form  either  of  stratified  spherules  or 
of  needles  and  jagged  or  cactus-like  bodies. 

Carcinoma  makes  its  appearance  in  the  ventricles  in  the  form 
of  soft  tumours  (Fig.  252  a),  usually  connected  with  the  plexuses, 
and  originating  from  their  epithelial  lining,  or  more  rarely  from 
the  ependymal  epithelium.  The  nests  of  cancer-cells  embedded 
in  a  fibrous  stroma  are  of  the  cylindrical  type.  The  vascular 
fibrous  stroma  sometimes  grows  out  into  papillae,  and  the  tumour 
then  assumes  a  papillomatous  character  (Fig.  253). 

If,  as  not  infrequently  happens,  the  stroma  undergoes  mucoid 
degeneration  (Fig.  253' 5  e  Cj),  the  tumour  takes  on  a  very  peculiar 
structure.     The  mucoid  contents  of  the  papillae  become  swollen, 


FiQ.  252.    Papillomatous  carcinoma  of  the  choroid  plexus. 
{Frontal  section  through  the  third  ventricle  :  reduced  to  two-thirds  of  the  natural  size) 


tumour  with  cysts 
right  optic  thalamus 
right  lenticular  nucleus 
right  internal  capsule 
right  lateral  ventricle 


/  left  optic  thalamus 

g  left  lenticular  nucleus 

h  left  internal  capsule 

i  enlarged  left  lateral  ventricle 


and  the  latter  undergo  a  cystic  transformation  (Fig.  252  a  and 
Fig.  253  d),  being  separated  from  one  another  only  by  strings 
of  epithelial  cells  (e),  which  thus  form  a  kind  of  cellular  stroma 
for  the  cysts  excavated  in  the  connective  tissue.  Within  the 
cellular  clusters  epithelial  pearls  are  sometimes  developed  (Fig. 
253  A),  which  closely  resemble  the  corresponding  bodies  formed 
in  cancerous  tumours  of  the  skin,  and  present  a  striking  contrast 
to  the  cylindrical  cells  of  the  growth. 

The  tumour  is  usually  confined  to  the  ventricle,  and  causes 
compression  and  displacement  (Fig.  252  f  g  K)  of  the  adjacent 
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cerebral  substance,  with  ventricular  dropsy  (i).  It  may  however 
invade  the  adjoining  portions  of  the  brain,  and  lead  to  the  forma- 
tion of  secondary  growths  in  the  deeper  parts  of  the  organ 
(Spaet). 

The  mode  of  origin  of  the  pearly  tumour,  or  cholesteatoma, 
is  not  yet  thoroughly  understood.  This  growth  is  characterised 
by  the  presence  in  it  of  white  pearls  with  a  silky  lustre.  It  is 
met  with  chiefly  in  the  basal  meninges,  in  the  neighbourhood  of 
the  posterior  and  anterior  transverse  fissures ;  but  it  may  appear 
in  the  interior  of  the  brain  also.  The  growths  are  solitary  and 
surrounded  by  a  fibrous  capsule,  or  multiple,  in  the  form  of 
histrous  nodules  and  nodes  seated  loosely  in  the  pia  mater  or 


FiQ.  253.    Papillomatous  carcinoma  with  gelatinous   degeneration   of   the 

STROMA    FROM    THE    CHOROID  PLEXUS. 

{Preparation  hardened  in  MuUer's  fluid  and  stained  with  alum-carmine :  X  25) 

a   vascular  fibrous  stroma  ci  hyaline  masses 

b    papillae  ol  connective  tissue  which  have  d  cysts  formed  from   the  degenerate 

undergone  partial  mucoid  degenera-  stroma  with  contents    coagulated 

tion  in  a  reticulate  fashion 

c    papillae  which  have   undergone  com-  e  inter-papillary  strings  of  cells 

plete  mucoid  degeneration,  coagulated  /  inter-papillary  nests  of  cells 

in  the  process  of  hardening  ft  pearly  bodies 

brain.  The  soft  white  mass  of  the  growth  consists  mainly  of 
epithelial  scales,  resembling  the  horny  epidermis  of  the  skin. 
Most  authorities  assume  that  the  cells  are  of  endothelial  origin; 
hut  it  seems  more  likely  that  they  originate  in  the  epiblast,  and 
are  indeed  derived  by  descent  from  anomalous  or  misplaced 
epithelial  cells.  The  fact  that  in  rare  cases  the  growths  con- 
tain minute  hairs  is  in  favour  of  this  supposition  (Zibglbk). 
.  Intracranial  dermoid  cysts  are  on  the  whole  rare.  They 
are  usually  seated  in  the  membranes,  but  sometimes  penetrate  into 
the  cerebral  substanr^.R. 
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Among  the  secondary  tumours  of  the  meninges  all  forms 
that  are  liable  to  metastasis  have  been  described.  It  is  worth 
noting  that  they  sometimes  spread  freely  in  the  subarachnoid 
spaces. 

Of  animal  parasites  Echinoeocei  and  Cysticerci  are  met  with 
in  the  meninges.  The  former  give  rise  to  small  or  large  and 
single  or  multiple  hydatid  cysts,  which  compress  the  cerebral  sub- 
stance and  occasionally  induce  softening  of  the  surrounding  tissue. 

Oystieercus  (the  cystic  stage  of  Taenia  solium)  appears  either 
in  the  ordinary  form  of  a  bladder  of  the  size  of  a  pea,  with  a  scolex 
or  immature  head,  or  as  Oystieercus  raeemosus.  The  latter  takes 
the  form  of  large  lobulated  vesicles,  usually  sterile,  with  a  cluster 
of  internal  and  external  daughter-cysts  surrounding  the  parent- 
cyst  like  a  bunch  of  grapes.  It  sometimes  induces  proliferous 
hyperplasia  in  the  surrounding  tissue. 

In  the  ventricles  minute  granular  prominences  are  at  times  observed  on 
the  ependyma,  vrhich  are  simply  compact  fibrinous  deposits  permeated  by 
formative  cells  and  blood-vessels,  and  so  partially  organised  after  the  manner 
of  a  thrombus. 
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CHAPTER   XLV 
THE  DURA  MATER,  PINEAL  GLAND,  AND  PITUITARY  BODY 

128.  The  dura  mater  is  a  stout  fibrous  membrane,  with  a 
tendinous  lustre,  closely  adherent  to  the  inner  surface  of  the 
cranium,  and  serving  as  its  internal  periosteum.  It  is  accord- 
ingly liable  to  all  the  morbid  changes  that  affect  the  periosteum 
of  other  bones.  Certain  special  changes  arise  from  its  connexion 
with  the  central  nervous  system,  and  these  require  separate  con- 
sideration. 

In  the  first  place  the  dura  mater  is  frequently  the  seat  of  an 
inflammatory  process  known  as  chronic  internal  pachymeningi- 
tis, the  result  of  various  injurious  agencies,  whose  exact  nature  is 
not  fully  understood.  The  inflammation  is  usually  haematogen- 
ous,  and  in  many  cases  is  not  associated  with  any  inflammation  of 
the  internal  meninges ;  it  is,  howev6r,  apt  to  accompany  inflam- 
matory conditions  in  the  contiguous  bones.  It  is  sometimes 
unilateral  and  circumscribed,  or  it  may  be  bilateral  and  dissemi- 
nated in  multiple  patches,  or  generally  diffused  over  the  entire 
cranial  surface. 

The  first  morbid  sign  is  the  appearance  of  very  thin  fibrinous 
deposits  on  the  internal  surface  of  the  membrane ;  these  consist 
essentially  of  films  of  granular,  fibrillar,  or  homogeneous  fibrin, 
containing  a  few  round-cells.  After  a  time  the  films  become 
pervaded  by  living  cells  and  new-formed  vessels  growing  as  off- 
shoots from  the  dural  capillaries.  A  delicate  fibrous  tissue  is 
thus  elaborated,  which  lines  the  dura  mater  as  a  semi-transparent 
false  membrane,  with  wide  well-filled  vessels. 

The  new-formed  vessels  have  very  thin  walls,  and  are  particu- 
larly prone  to  bleed,  the  slightest  disturbances  of  the  circulation 
apparently  sufficing  to  set  up  haemorrhage  by  rupture  or  diape- 
desis.  The  consequence  is  that  pachymeningitic  false  membranes 
nearly  always  contain  recent  extravasations  and  pigmented  de- 
posits, testifying  to  past  haemorrhage  :  this  peculiarity  has  led  to 
the  affection  being  described  as  haemorrhagic  pachymeningitis. 
The  extravasations  are  usually  small,  but  now  and  then  they  are 
so  extensive  that  they  partially  separate  the  false  membrane  from 
the  dura  mater,  and  form  blood-cysts  or  haematomata,  which 
exert  more  or  less  pressure  on  the  brain.  If  the  cyst  gives  way, 
blood  will  of  course  be  effused  into  the  subdural  space. 
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Once  the  inflammation  has  begun,  it  seldom  attains  to  com- 
plete resolution  and  recovery.  The  extravasated  matters  are  by- 
degrees  re-absorbed,  but  if  they  are  at  all  abundant  the  process  is 
very  slow  and  often  imperfect,  and  the  continued  presence  of  the 
disintegrated  blood  keeps  up  an  irritation  that  induces  renewed 
inflammation.  New  exudations  and  new  false  membranes  are 
thus  produced,  and  at  length  a  dense  scar-like  tissue  results,  which 
contains  masses  of  pigment,  residues  of  blood  and  fibrin,  and  cal- 
careous deposits.  Sometimes  after  resorption  of  a  large  extrava- 
sation a  collection  of  liquid  appears  in  its  place  between  the  dura 
mater  and  the  cicatricial  membrane ;  this  has  been  called  hygroma 
of  the  dura  mater,  or  partial  pachymeningitic  hydrocephalus. 

In  older,  denser,  and  more  fibrous  membranes,  containing  few 
cells,  some  of  the  vessels  are  gradually  occluded  by  contraction ; 
but  such  obliteration  does  not  bring  the  process  to  an  end,  for 
other  parts  remain  highly  vascular,  and  fresh  haemorrhages  keep 
up  and  renew  the  inflammation. 

Pachymeningitic  membranes  do  not  usually  adhere  to  the 
underlying  tissues  ;  but  sometimes  fairly  firm  union  takes  place 
between  them  and  the  arachnoid,  and  then  new-formed  blood- 
vessels pass  from  the  false  membrane  into  the  internal  meninges. 

There  is  also  a  chronic  external  pachymeningitis,  in  which 
the  inflammatory  changes  are  practically  limited  to  the  outer  strata 
of  the  dura  mater,  and  are  associated  with  thickening  of  the  mem- 
brane and  resorption  or  hyperplasia  of  the  bone.  Moreover, 
the  dura  mater  is  frequently  inflamed  as  the  result  of  traumatic 
injury,  or  by  extension  of  inflammations  from  the  adjacent  struct- 
ures. Thus  a  cut  or  stab  of  the  skull,  which  becomes  infected 
with  septic  matter  and  suppurates,  not  infrequently  gives  rise  to 
purulent  pachymeningitis,  and  the  like  is  apt  to  follow  suppura- 
tion of  the  internal  ear,  of  the  petrous  portion  of  the  temporal 
bone,  or  of  the  orbit.  In  such  cases  the  dura  mater  assumes  a 
yellowish-white  or  greyish-yellow  tint,  and  when  haemorrhage 
accompanies  the  injury  or  disease  it  becomes  dirty-grey,  greyish- 
green,  or  brown. 

Eruptions  of  tubercle  in  the  dura  mater  are  induced  as 
metastases  from  tuberculous  leptomeningitis  or  tuberculosis  of 
the  cranial  bones.  In  some  instances  disseminated  grey  tubercles 
make  their  appearance  on  the  internal  surface,  in  others  pachy- 
meningitic membranes  containing  tubercles,  or  fungous  growths, 
or  caseous  nodes,  are  produced.  Caseous  nodes  are  chiefly  the 
result  of  tuberculous  bone-disease,  and  may  be  seated  on  either 
surface  of  the  dura  mater,  or  in  its  tissue. 

Syphilis  gives  rise  to  foci  of  cellular  infiltration,  or  to  granu- 
lomatous growths,  ending  in  cicatricial  thickenings,  that  not  in- 
frequently enclose  patches  of  caseous  matter.  When  the  process 
invades  the  arachnoid  and  pia  mater,  these  tend  to  become  adhe- 
rent to  the  dura  mater. 


462 


THE  DUKA  MATBK 


[chap.  XLV 


The  majority  of  the  tumours  affecting  the  dura  mater  belong 
to  the  group  of  sarcomata.  Spindle-celled  sarcoma  is  the  com- 
monest ;  the  round-celled  and  polymorphous-celled  varieties  are 
rarer.  Alveolar  sarcoma  and  endothelioma  are  also  met  vrith, 
the  latter  being  characterised  by  the  formation  of  nests  and 
strings  of  cells  (Fig.  254  c  d)  embedded  in  a  fibrous  stroma  (a). 

Endotheliomata  form  solitary  or  multiple  growths,  flattened 
or  raised  on  a  stalk  like  a  mushroom  (fungus  of  the  dura  mater), 
from  the  size  of  a  pea  to  that  of  an  apple,  which  project  inwards 
and  depress  the  underlying  brain-surface  into  pit-like  excavations. 
When  they  grow  on  the  outer  surface  of  the  membrane  they  are 


Fig.  254.    Endothelioma  of  the  dura  matbb. 
(Preparation  hardened  in  MillUr's  fluid,  stained  with  haematoxylin,  and  mounted  in 

Canada  balsam :  x  25) 
a    fibrous  stroma  e     fatty  degeneration  of  a  cellular  mass 

b    group  of  round-cells  /    mass  of  endothelial  cells,  on  the  right 

c    nests  and  strings  of  cells  derived  from  side  passing  gradually  into  the  fibrous 

the  endothelium  of  the  lymphatics  stroma 

d    tubular  tract  of  endothelial  cells 

apt  to  penetrate  the  bone,  causing  it  to  atrophy  and  ultimately 
to  give  way  and  rupture.  At  their  point  of  origin  from  the 
membrane  they  send  out  pseudopodial  processes  into  its  tissue,  in 
the  form  of  cellular  strands  that  seem  to  force  their  way  between 
its  tough  fibres,  or  to  grow  out  from  them.  These  strands  of 
cells  are  derived  from  the  endothelium  of  the  lymphatics  (ci), 
whose  course  they  follow  and  often  mark  out  in  a  recognisable 
way  by  the  mode  of  their  configuration. 

Excessive  vascular  development  within  a  sarcoma  leads  to  the 
formation  of  telangiectatic  tumours.  Calcification  of  the  capillary 
vessels,  and  the  formation  of  concretions  in  the  shape  of  spherules, 
needles,  and  jagged  fragments  (Fig.  255  abode')  sometimes  give 
the  sarcoma  the  characters  of  a  psammoma. 
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Fibromata  are  rare,  but  they  do  occur  in  all  parts  of  the  dura 
mater,  and  form  rounded  tumours.     Lipomata  are  very  rare. 

Osteomata  appear  chiefly  in  the  cerebral  dura  mater,  and  with 
special  frequency  in  the  falx  cerebri.  They  usually  take  the  form 
of  irregularly-shaped  plates  of  bone  with  spinous  and  ridge-like 
processes. 


Fig.  255.  Section  from  a  psammoma  of  the  dura  mater. 

(Preparation  hardened  in  alcohol,  decalcified  with  picric  acid,  and  stained  with  haema- 
toxylin  arid  eosin :  X  200) 

u   hyaline  nucleated  spherule  enclosing  a  c    concretion  enclosed  in  hyaline  connec- 

calcareous  concretion  tive  tissue 

6    calcareous  concretions  surrounded  by  d    calcareous   needles  in  the  connective 

hyaline  denucleated   substance   and  tissue 

enclosed  in  fibrous  connective  tissue  e     needle  containing  three  concretions 

About  the  back  of  the  sella  turcica  and  basi-occipital  (or 
clivus)  small  gelatinous  tumours  known  as  ecchondromata  (or 
chordomata)  are  not  uncommon;  in  texture  they  resemble  the 
notochord,  and  it  is  therefore  probable  that  they  originate  in  some 
belated  residues  of  this  embryonic  structure. 

Of  secondary  tumours  carcinoma  is  that  most  frequently  met 
with  in  the  dura  mater. 
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Levi  :  The  origin  of  concretions  in  psammomata  Inaug.  Diss.  Freiburg  1890 
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129.  The  hypophysis  cerebri  or  pituitary  body  is  seated  in 
the  sella  turcica,  and  is  composed  of  two  lobes  ;  the  anterior  con- 
sists of  a  fibrous  stroma  enclosing  numerous  round  and  oval  folli- 
cles filled  with  epithelial  cells,  the  posterior  chiefly  of  vascular 
connective  tissue  enclosing  fusiform  and  stellate  cells  some  of 
which  are  pigmented.  At  the  junction  of  the  two  lobes  the  tissue 
is  very  vascular,  and  contains  cavities  lined  with  ciliated  cylindri- 
cal epithelium  (Weichselbaum). 

Cystic  degeneration  and  hyperplastic  overgrowth  of  the  ante- 
rior lobe  are  the  commonest  changes,  the  cysts  usually  containing 
colloid  masses.  This  transformation  is  known  as  adenoma  or 
struma  of  the  pituitary  body,  and  the  growth  sometimes  reaches 
the  size  of  a  pigeon's  or  even  of  a  hen's  &gg.  It  protrudes  more 
or  less  from  the  sella  turcica,  presses  on  the  adjoining  brain-sub- 
stance, or  even  projects  into  the  ventricles,  and  causes  atrophy  of 
the  underlying  bone. 

In  some  cases  of  acromegaly  the  pituitary  body  has  been 
found  post  mortem  to  be  considerably  enlarged :  it  has  indeed  been 
maintained  that  such  enlargement  is  correlated  with  the  char- 
acteristic hypertrophy  of  the  hands,  feet,  and  jaw  (Art.  50),  as 
myxoedema  is  with  disease  of  the  thyroid  gland. 

According  to  Weichselbaum,  the  ciliated  epithelial  cavities 
are  very  apt  to  undergo  cystic  degeneration.  The  contents  of  the 
cysts  consist  of  homogeneous  or  granular  matter  secreted  by  the 
epithelial  cells.  The  cysts  with  granular  contents  are  lined  with 
ciliated  epithelium. 

After  adenoma  the  commonest  tumours  are  carcinoma  and 
sarcoma,  which  also  take  the  form  of  nodose  growths.  Weich- 
selbaum has  described  a  pair  of  small  lipomata  in  the  posterior 
lobe,  and  Weigert  a  teratoma. 

Inflammation  of  the  hypophysis  may  be  associated  with  inflam- 
mation of  the  neighbouring  parts :  tubercles  and  gummata  have 
been  observed  (Weigert)  only  in  rare  instances. 
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The  pineal  gland  consists  of  fibrous  tissue  enclosing  a  num- 
ber of  rouncied  follicles,  each  of  which  contains  a  cellular  reticulum, 
rounded  cells  with  slender  tapering  processes  (Toldt),  and  a 
quantity  of  brain-sand. 

The  most  frequent  pathological  changes  observed  in  this  organ 
are  abnormal  increase  of  the  brain-sand  (psammoma),  hyperplastic 
enlargement,  and  cystic  degeneration.  Haemorrhage  into  the 
substance  of  the  gland  may  lead  to  the  formation  of  a  haematoma. 

Tumours  of  this  organ  are  very  uncommon. 

The  pineal  gland  may  participate  in  inflammations  of  neigh- 
bouring structures. 
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CHAPTER  XLVI 

STRUCTURE  OF  PERIPHERAL  XERVES 

130.  The  peripheral  nervous  system  is  composed  of  nerves 
and  ganglion-cells,  together  with  the  special  terminal  structures 
in  which  the  nerves  end.  The  nerves  consist  essentially  of  med- 
uUated  and  non-meduUated  nerve-fibres,  which  are  prolongations 
of  the  polar  processes  of  the  ganglion-cells.  Some  of  these  cells  are 
situated  in  the  cord  and  medulla  oblongata,  but  others  are  inter- 
calated in  peripheral  parts  of  the  sympathetic  system,  where  the 
groups  of  nerve-cells  occur  that  are  known  as  sympathetic  ganglia. 

The  meduUated  nerve-fibres  are  long  cylindrical  structures,  whose  cen- 
tral axis  is  occupied  by  the  axis-cylinder.  The  latter  is  surrounded  by  the 
medullary  sheath,  consisting  of  myelin  which  during  life  is  homogeneous, 
and  this  in  turn  is  enclosed  in  a  delicate  connective-tissue  envelope,  the  primi- 
tive sheath,  neurilemma,  or  sheath  of  Schwann.  The  medullary  sheath  is 
at  intervals  interrupted,  the  axis-cylinder  being  then  surrounded  only  by  the 
sheath  of  Schwann  (Ranvier's  nodes) ;  it  is  generally  assumed  that  these 
nodes  subserve  the  nutrition  of  the  axis-cylinder.  The  nerve-fibre  is  in  this 
way  divided  into  segments  of  from  one  to  two  millimetres  in  length,  each  one 
of  which  contains  a  nucleus  situated  approximately  in  the  middle  and  close  to 
the  sheath  of  Schwann,  and  around  the  nucleus  a  thin  layer  of  protoplasm 
is  spread  on  the  internal  surface  of  the  sheath.  External  to  the  sheath  of 
Schwann  is  a  fibrillar  sheath  (Axel  Key  and  Retzius)  which  also  contains 
nuclei  and  a  small  quantity  of  protoplasm. 

The  non-meduUated  nerve-fibres  possess  no  other  covering  for  the  axis- 
cylinder  than  the  sheath  of  Schwann,  with  nuclei  included  in  it  at  intervals. 

MeduUated  and  non-meduUated  nerve-fibres  are  united  into  nerves  of  differ- 
ent thicknesses.  Those  that  have  their  origin  in  the  brain  and  cord  contain 
chiefly  meduUated  fibres ;  in  the  nerves  of  the  sympathetic  system  the  non- 
meduUated  fibres  predominate.  The  smaller  nerves  consist  of  a  simple  bundle 
of  nerve-fibres ;  the  larger  trunks  contain  a  variable  number  of  such  bundles  or 
fasciculi.  , 

Each  fasciculus  is  surrounded  by  a  fibrous  envelope  termed  the  perineu- 
rium. When  several  bundles  combine  to  form  a  nerve-trunk,  this  also  is 
surrounded  by  a  perineurium,  while  the  bundles  themselves  are  bound  together 
by  loose  connective  tissue,  often  containing  fat-cells,  and  known  as  the  epineu- 
lium.  The  endoneurium  consists  of  delicate  fibrous  septa  passing  from  the 
perineurium  of  each  bundle  into  the  interior,  and  uniting  the  nerve-fibres  into 
groups,  while  the  finest  processes  pass  into  these  and  surround  the  individual 
fibres.  The  blood-vessels  of  the  nerve-trunk  run  within  the  fibrous  frame- 
work. At  the  peripheral  end  of  each  nerve-fibre  the  axis-cylinder  breaks  up 
into  its  primitive  fibrils,  and  these  form  connexions  with  the  terminal  organs. 
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CHAPTER   XLVII 
DEGENERATION  AND  INFLAMMATION  OF  NERVES 

131.  The  fibres  of  the  peripheral  nerves  are  very  frequently 
the  seat  of  degenerative  changes  which  often  lead  to  their  total 
destruction,  and  in  other  cases  give  rise  at  least  to  permanent 
atrophy  of  the  affected  nerve-elements.  In  so  far  as  these  pro- 
cesses run  their  course  without  inducing  other  changes  in  the 
nerves,  they  might  be  described  as  instances  of  simple  degenera- 
tion ;  but  when  they  are  complicated  with  inflammatory  exudation 
and  hyperplasia  of  the  connective  tissue,  or  when  they  originate  in 
an  inflammatory  affection  of  the  latter,  they  must  be  reckoned  as 
of  the  nature  of  neuritis.  By  many  writers  simple  degeneration 
is  termed  parenchymatous  neuritis,  while  neuritis  proper  is  dis- 
tinguished as  interstitial  neuritis.  Degeneration  and  inflamma- 
tion of  the  nerves  cannot  be  separated  by  any  sharp  distinction, 
inasmuch  as  on  the  one  hand  inflammatory  changes  often  give 
rise  to  wide-spread  degeneration,  and  on  the  other  hand  degenera- 
tion, in  the  later  stages  of  its  course,  may  induce  signs  of  inflam- 
mation. The  term  neuritis  is  for  this  reason  frequently  appUed 
to  degenerative  affections. 

In  the  first  place,  nerves  undergo  extensive  degeneration  after 
section,  the  distal  portion  of  the  polar  process  thus  separated 
from  its  nerve-cell  degenerating  throughout  its  entire  length, 
while  the  proximal  portion  undergoes  degenerative  atrophy  for 
a  short  distance  only. 

Even  in  the  first  few  days  after  section  the  internodal  seg- 
ments of  the  medullary  sheath  throughout  the  whole  of  the  distal 
portion  become  less  refractive  and  appear  turbid,  while  by  the 
end  of  the  third  day  deep  indentations  make  their  appearance  in 
the  sheath  of  Schwann  and  in  the  medullary  sheath,  owing  to 
commencing  segmentation  of  the  latter.  From  the  fourth  to  the 
sixth  day  the  medullary  sheath  coagulates  into  large  drops  of 
myelin  (Fig.  256  6)  between  the  indentations.  This  leads  in 
the  course  of  a  few  days  to  the  formation  of  masses  of  detritus, 
consisting  of  drops  and  granules  of  various  sizes.  By  and  by  the 
detritus  is  absorbed  by  migratory  leucocytes,  and  fat-granule  cells 
are  thus  produced ;  but  the  process  may  last  weeks  or  months 
before  all  the  products  of  disintegration  have  disappeared. 

Soon  after  the  medullary  sheath  has  begun  to  degenerate,  the 
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axis-cylinder  can  be  no  longer,  or  at  best  very  imperfectly,  dis- 
tinguished (Fig.  256  a),  and  it  is  presently  destroyed  altogether, 
partly  by  swelling  and  vacuolation,  partly  by  disintegration  into 
small  fragments  (Fig.  257  c).  According  to  Gesslee,  the  den- 
dritic terminal  ramifications  of  the  nerve  within  the  muscles  also 
disappear. 

In  a  clean  aseptic  wound  dividing  the  nerve,  only  a  small  por- 
tion of  the  central  or  proximal  part  of  the  trunk  degenerates,  the 
process  ceasing  at  the  first  or  second  Ranvier's  node  above  the 
point  of  section.     Certain  fibres  degenerate  for  a  greater  distance, 

but  only  when  inflammation  or  other 
injury,  such  as  crushing,  complicates 
the  process.  It  must,  however,  be 
noted  that  in  course  of  time  some  of 
the  fibres  in  the  central  portion  of  the 
nerve  become  attenuated,  the  medul- 
lary sheath  in  particular  being  liable 
to  atrophy. 


Fig.  256.    Degeneration  of  the  sciatic  nerve. 
(.Six  days  after  section  :  preparation  hardened  in  Flemming's  acid  solution,  and  stained 
with  saffranin :  X  300) 

a   remains  of  the  axis-cylinder  c    sheath  of  Schwann 

6   disintegrated  medullary  sheath 

Fig.  257.  Advanced  degeneration  of  the  motor  nerves  in  a  case  op  atrophy 

OP  THE  anterior  HORNS   OF  THE  SPINAL   CORD. 

[Preparation  hardened  in  Mailer's  fluid,  treated  with  perosmic  acid,  and  teased  out  in 

glycerine :  X  250) 
a  sheath  of  Schwann  d     uninuclear  cells 

0   axis-cylinders  with  adherent  drops  of  c?i   multinuclear  cells 

myelin  c?2   hipolar  cells  within  the  sheath  of 

c   disintegrated  axis-cylinders  Schwann 
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Severe  crushing  and  stretching  have  an  effect  very  similar  to 
that  of  section,  and  so  also  has  continued  compression,  such  as  is 
occasionally  caused  by  tumours,  by  the  contraction  of  scar-tissue, 
by  inflamed  lymph-glands,  and  the  like.  The  interruption  of  con- 
ductivity does  not,  however,  at  once  involve  all  the  nerve- 
bundles,  but  rather  tends  to  take  place  successively  in  the  several 

Diseases  of  the  anterior  horns  of  the  spinal  cord  and  of  the 
motor  roots  that  cause  destruction  of  the  motor  ganglia  or  nerve- 
fibres  are  followed,  as  in  the  case  of  section,  by  degeneration 
of  the  peripheral  part  of  the  nerve-tracts  ;  but  when  the  destruc- 
tion of  the  nerve-cells  is  gradual  the  atrophy  of  the  nerve-fibres  is 

not  so  rapid,  the  me- 
dullary sheath  wastes 
more  slowly  (Fig. 
257  S),  and  within  the 
same  bundle  we  may 
find  fibres  that  are 
sound  and  others  that 
are  in  different  stages 
of  atrophy  (Fig. 
257  h  c)  or  altogether 
degenerate.  In  some 
of  the  fasciculi  every 
fibre  may  be  disin- 
tegrated. 

'Haematogenous 
degeneration  and  in- 
flammation of  the 
nerves  are  due  in  some 
cases  to  infection  or 
poisoning,  in  others  to 
simple  disorders  of  cir- 
culation and  to  haemo- 
rrhage, in  others  again 
to  insufficient  nutri- 
tion dependent  on  general  anaemia,  cachexia,  or  narrowing  of  the 
arteries.  The  mode  of  origin  of  the  degeneration  in  a  given  case 
is,  however,  often  uncertain.  Single  or  multiple  neuritis  or  de- 
generation associated  with  typhus  fever,  variola,  typhoid  fever, 
diphtheria,  influenza,  tuberculosis,  and  the  puerperal  state,  is 
probably  due  partly  to  autogenetic  poisoning  and  partly  to  defi- 
cient nutrition  of  the  nerves  ;  in  some  cases  it  may  be  due  to  a 
local  action  of  the  specific  infection  concerned. 

Degeneration  of  the  motor  nerves  and  the  muscles  from  lead- 
poisoning  is  probably  due  to  the  direct  toxic  effect  of  the  lead ; 
but  disturbances  of  the  circulation  caused  by  simultaneous  disease 
of  the  vessels  has  perhaps  a  share  in  the  result.     The  degeneration 


Fig.  258.  Transverse  section  from  an  atrophic 
sciatic  nerve  (multiple  sclerosis). 

{Preparation  hardened  in  M'uller's  fluid,  and  stained 
after  Weigert's  haematoxylin  method  for  medul- 
lary sheaths :  X  30) 


epineunum 

transverse  section  of  a  normal  nerve-bundle 


c  d  transverse  sections  of  atrophic  nerve-bundles 
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of  the  peripheral  nerves  frequently  observed  in  cases  of  chronic 
alcoholism  is  doubtless  due  to  a  direct  toxic  effect. 

According  to  Bablz  and  Scheubb,  the  disease  known  as 
beri-beri  or  kakke,  epidemic  in  Japan,  in  the  East  Indies,  and  in 
South  America,  is  an  infective  disorder  (according  to  MiURA  it  is 
due  to  some  form  of  poisoning),  which  is  characterised  primarily 
by  multiple  degeneration  of  the  nerves  {panneuritis  epidemical . 
In  Europe  too  forms  of  disease  occur  that  affect  various  regions  of 
the  peripheral  nervous  system,  and  are  known  as  multiple  neuritis 
(Leyden),  polyneuritis  (Pierson),  and  disseminated  neuritis 
(Roth)  ;  these  are  probably  due  to  infection  of  some  kind. 

According  to  the  investigations  of  Dbjerine,  Pitres,  Vail- 
LAED,  Oppenheim,  Siemerling,  and  others,  degeneration  of 
numerous  peripheral  nerves  is  a  common  accompaniment  of  tabes 
dorsalis,  the  peripheral  portions  of  the  sensory  nerves  of  the  skin 
being  those  that  are  most  apt  to  become  degenerate  (Art.  98). 

Transmitted  or  consecutive  lymphogenous  neuritis  is  that 
associated  with  inflammations  in  the  tissues  about  the  nerve. 
Purulent  and  tuberculous  inflammations  are  those  which  most 
frequently  extend  in  this  way,  as  when  the  nerve-roots  become 
involved  in  connexion  with  purulent  or  tuberculous  meningitis. 
Sometimes  the  virus  is  disseminated  within  the  nerves  themselves, 
as  appears  to  be  the  case  in  rabies  or  hydrophobia. 

In  simple  degeneration  of  the  nerves  the  connective  tissue 
usually  undergoes  little  or  no  change,  while  the  sheath  of  Schwann 
(Fig.  256  e  and  Fig.  257  a)  and  its  nuclei  (Fig.  256  and  Fig.  257 
d  c?j  (^2)  often  survive  for  a  long  time.  The  latter  may  even 
become  proliferous  (d^').  When  the  majority  of  the  meduUated 
fibres  perish  (F'ig.  258  c  d),  the  nerve  acquires  by  degrees  a  grey 
colour,  but  does  not  become  indurated  unless  there  is  hyperplasia 
of  its  connective  tissue.  The  case  is  different  when  the  affection 
is  genuinely  inflammatory  and  true  neuritis  sets  in. 

Acute  neuritis  is  manifested  by  hyperaemia  and  exudation 
affecting  the  fibrous  constituents  of  the  nerve-trunks ;  and  when 
the  changes  thereby  induced  are  well  marked  they  take  the  form 
of  redness,  swelling,  and  increase  of  moisture,  or  it  may  be  of 
haemorrhagic  extravasation  and  yellowish-white  discoloration  due 
to  the  appearance  of  pus.  In  the  haematogenous  forms  of  neuritis 
the  exudation  may  from  the  outset  implicate  the  endoneurium  and 
epmeurium.  In  neuritis  that  is  consecutive  to  inflammation  of 
the  surrounding  tissue,  as  in  a  suppurating  wound,  in  purulent 
meningitis,  or  in  pelvic  cellulitis,  the  perineurium  in  the  first  place 
undergoes  cellular  infiltration,  and  this  does  not  spread  to  the 
endoneurium  until  a  later  stage. 

Slight  inflammations  may  doubtless  pass  away  without  leaving 
any  permanent  change.  More  intense  inflammation  leads  to  dis- 
mtegration  of  the  medullary  sheath,  and  often  also  to  necrosis  of 
part  of  the  axis-cylinder.     Purulent  and  gangrenous  inflammations 
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induce  suppuration  and  gangrenous  necrosis  of  the  nerve.  Gran- 
ulations and  cicatricial  tissue  are  produced  in  the  case  of  nerves 
damaged  by  traumatic  injury  or  lying  in  the  midst  of  granulating 

tissue. 

Subacute  and  chronic  neuritis  are  induced  by  chronic  m- 
flammation  of  surrounding  structures  or  by  haematogenous  or 
lymphogenous  infection  and  poisoning ;  but  the  primary  cause  of 
the  affection  cannot  always  be  made  out. 

These  forms  of  inflammation  lead  to  atrophy  of  the  nerve- 
elements  (Fig.  259/)  and  to  proliferation  and  hyperplasia  of  the 
connective  tissue  (^d  e) ;  in  view  of  the  latter  result  the  affection 
is  sometimes  described  as  proliferous  neuritis. 

When  the  process  has  continued  for  a  time  the  nerve-fibres  in 
the  parts  involved  are  found  to  have  wholly  disappeared,  or  are 
more  or  less  atrophic  (Fig.  259/),  while  the  connective  tissue  is 
highly  cellular  and  increased  in  bulk. 


Fig.  259.    Chronic  neuritis  with  partial  atrophy  of  the  nerve-fibres. 

(Preparation  hardened  in  Miiller's  fluid  and  alcohol,  stained  with  haematoxylin  and 

carmine,  and  mounted  in  Canada  balsam :  x  150) 
o    cross-section  of  normal  thick  fibre  e    leucocytes  between  the  nerve-fibres 

6    cross-section  of  normal  fine  fibre  /  thickened     endoneurium    with    small 

c    endoneurium  spaces  vacated  by  nerve-fibres  and  a 

d    proliferous  septum  of  the  endoneurium  few  fine  fibres  still  persisting 

infiltrated  with  leucocytes  and  con-      g   blood-vessel  cut  longitudinally 

taining  a  blood-vessel 

Tuberculous  neuritis  is  observed  most  frequently  in  the  roots 
of  the  cerebral  and  spinal  nerves,  and  is  usually  secondary  to  tuber- 
culous meningitis  (Fig.  209).  This  form  of  neuritis  also  developes 
in  nerves  lying  close  to  tuberculous  lymph-glands  or  granuloma- 
tous foci  in  the  periosteum  or  the  tendon-sheaths.  Sometimes  the 
perineurium  and  the  epineurium  are  in  large  part  converted  into 
granulomatous  tissue,  which  later  on  becomes  caseous,  and  the 
endoneurium  of  the  separate  nerve-bundles  also  may  be  involved. 
In  other  cases  the  nerves  merely  undergo  fibroid  induration. 
Local  tuberculosis  limited  to  a  single  nerve  is  rare. 

Syphilitic  neuritis  is  observed  almost  exclusively  in  the  roots 
of  the  cerebral  and  spinal  nerves,  as  a  secondary  result  of  syphihtic 
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meningitis  (Fig.  210).  The  nerves  are  surrounded  and  permeated 
by  syphilitic  granulomatous  tissue,  and  subsequently  by  connective 
tissue.  The  result  is  destruction  of  a  greater  or  smaller  portion 
of  the  nerve,  with  peripheral  paralysis.  The  arteritis  which  ac- 
companies the  process,  and  causes  narrowing  and  occlusion  of  the 
nutrient  vessels  of  the  nerves,  is  also  apt  to  give  rise  to  degenera- 
tion in  them. 

Leprosy  very  often  affects  the  nerves,  and  one  special  form  of 
the  disease  is  described  as  lepra  nervorum,  anaesthetica,  or  mutilans. 
The  settlement  of  the  lepra-bacillus  in  the  nerves  induces  cellular 
infiltration  and  proliferation,  and  these  give  rise  to  degeneration 
of  the  nerve-fibres  and  hyperplasia  of  the  connective  tissue,  leading 
to  the  formation  of  spindle-shaped  thickenings  of  considerable 
diameter.  The  diseased  tissue  contains  multitudes  of  leprarbacilli, 
either  free  or  enclosed  in  cells. 

Inflammation  of  the  sympathetic  ganglia  and  fibres  induces 
changes  in  these  structures  similar  to  those  produced  in  the  spinal 
nerves.  Thus  tuberculous  caseation  of  the  suprarenal  capsules 
extending  to  the  surrounding  tissue  sometimes  leads  to  inflam- 
mation and  proliferation  in  the  solar  plexus  and  semilunar  ganglia, 
resulting  in  degeneration  of  the  fibres  and  ganglion-cells  of  the 
sympathetic.  So  too  tuberculous  disease  of  the  bones  of  the  ver- 
tebral column  is  apt  to  extend  to  the  sympathetic  nerves  and 
ganglia. 

In  leprosy  the  bacilli  penetrate  not  only  the  connective  tissue 
but  even  the  nerve-cells  of  the  affected  ganglia,  and  cause  them  to 
become  degenerate  and  perish  (Sudakewitsch). 

Beferences  on  Traumatic,  Infective,  Toxic,  and  Cachectic  Degenera- 
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CHAPTER  XLVIII 


REGENERATION  OF  NERVES 


132.     When  a  nerve  has  been  cut  through  at  any  point,  regen- 
eration begins  to  take  place  within  a  few  days,  starting  from  the 
severed  end  of  the  central  portion  which  is  still  connected  with  the 
nerve-cells.    It  commences  by  swelling  of  the  central  end  of  the  axis- 
cylinder,  which  then  grows  out  and 
usually   subdivides.       In   this  way 
from  two  to  five,  or  sometimes  more 
(Fig.  261  e/),  fine  processes  grow 
out    from    the    axis-cylinder    (Fig. 
260  a  b  c),  which  is  still  surrounded 
by  its  medullary  sheath  (Fig.  260  a). 
Each  process  soon  becomes  enclosed 
in  a  medullary   sheath  of  its  own, 
and  then  is  capable  of  being  stained 
by  Weigbkt's  haematoxylin  method. 
The  rate  of  growth   of  these  new 
fibres,    according    to    Vanlaie,    is 
from  0-2  to  1-0   millimetre  a  day. 
As  the  process  does  not  start  exactly 
at  the  point  of  section,  but  somewhat 
higher  up,  the  fine  processes  as  they 
grow  outward  lie  at  first  within  the 
old  medullary  sheath  (Fig.  260  c  and 
Fig.  261  e/),  but  they  soon  emerge 
from  it.    As  they  develope  into  com- 
plete nerve-fibres  they  receive  a  con- 
nective-tissue sheath  or  neurilemma, 
probably  derived  from  the  prolifer- 
ous cells  of  the  old  neurilemma,  or 
it  may  be  from  those  of  the  endo- 
neurium. 

In  the  case  of  divided  nerves  that 
have  not  become  reunited,  granula- 
tion-tissue originating  from  the  en- 
doneurium,  epineurium,  and  peri- 
neurium is  formed  on  the  central 
stump ;    and  in  course   of  time  the 


Fig.  260.    Old  and  nbwly-foemed 

NEBVE-riERES. 

(Longitudinal  section  from  an  am- 
.  putation  stump :  preparation 
hardened  in  MUUer's  fluid, 
stained  by  Weigert's  haema- 
toxylin method  (medullary 
sheaths  coloured  black),  and 
mounted  in  Canada  balsam: 
X  200) 


a  b 


from    which 
nerve-fibres 


old  nerve-fibres 
several  young 
have  grown  out 

neurilemma  with  young  nerve- 
fibres 
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granulations  develope  into  scar-tissue.  The  young  nerve-fibres 
grow  into  the  scar-tissue,  and  the  fibrous  extremity  is  thus  per- 
vaded by  nerves  crossing  one  another  in  all  directions  (Fig.  262  6). 
By  their  rapid  development  they  not  uncom- 
monly give  rise  to  considerable  enlargement 
of  the  stump,  and  form  what  is  known  as  an 
amputational  neuroma  (Fig.  262  6). . 

A  nerve-fibre  that  has  perished  from  any 
kind  of  injury,  such  as  compression  or  poison- 
ing, always  admits  of  regeneration  provided 
that  the  nerve-cell  of  which  it  is  a  process 
remains  intact.  The  sprouting  of  the  axis- 
cylinder  is  in  this  case  accomplished  within 
the  old  neurilemma,  and  the  new  nerve-fibres 
may  .reach  their  terminal  organ  inside  this 
envelope;  but  it  is  also  possible  for  them  to 
break  through  the  old  neurilemma  and  reach 
their  termination  by  traversing  the  endoneu- 
rium  of  the  nerve-bundle,  or  even  the  epi- 


Pig.  261.    Section  of  a  fasciculus  of  the  median  nebve  just  above  the  point 

of  sevekance  by  a  stab  four  months  previously. 
(Preparation  hardened  in  Mailer's  fluid,  stained  with  neutral  carmine,  and  mounted 
in  Canada  balsam  :  x  200) 
a   perineurium  e    bundles  of  newly-formed  nerve- 

6    endoneurium  fibres 

0    cross-section  of  a  vessel  /    newly-formed  fibres  together  with 

d   old  unchanged  nerve-fibres  tie  remains  of  the  old  fibre  with- 

in the  same  medullary  sheath 

Fig.  262.    Amputationat..  neuroma  of  the  sciatic  nerve  in  longitudinal  sec- 
tion   (AMPUTATION  NINE  YEARS  PREVIOUSLY). 

(Preparation  hardened  in  Muller's  fluid :  X  3) 
a    nerve  b    neuroma 
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neurium  of  the  nerve-trunk.  When  the  fibres  have  once  reached 
the  terminal  organ  they  subdivide  into  the  special  ramifications 
characteristic  of  the  nerve.  The  manner  in  which  connexion  with 
the  terminal  organ  is  established  is  not  yet  precisely  determined. 
According  to  Gessler,  Galeotti,  and  Levi,  the  nerve-tissue  of 
the  motor  endings  in  the  muscles  is  regenerated  in  situ. 

If  the  ends  of  a  severed  nerve  are  brought  together,  union  is 
effected  in  the  first  place  by  the  production  of  granulations  and 
then  by  the  formation  of  connective  tissue.  The  nerve-fibres  in 
the  central  end  grow  through  the  newly-formed  connective  tissue 
and  so  reach  the  peripheral  end  ;  some  of  them  thus  become  again 
connected  with  their  terminal  organs,  traversing  in  their  course  the 
old  neurilemmata,  or  it  may  be  the  endoneurium  or  epineurium. 
Many  fibres  however  pass  out  from  the  uniting  cicatrix,  or  from 
the  nerve  at  some  point  beyond  it,  into  the  surrounding  tissue, 
and  so  fail  to  reach  their  proper  terminations.  When  the  course 
the  nerves  have  to  traverse  in  order  to  reach  the  terminal  organ 
is  a  long  one,  several  months  may  pass  before  the  structure  con- 
cerned is  supplied  with  its  proper  number  of  nerve-endings. 
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CHAPTER   XLIX 


TUMOURS  OF  NERVES 


133.  The  majority  of  the  tumours  occurring  in  the  nerves 
and  ganglia  originate  in  the  fibrous  structures,  and  consist  chiefly 
of  some  kind  of  connective  tissue,  the  nerve-fibres  themselves 
taking  little  or  no  part  in  their  development. 

In  the  case  of  simple  nerves  fibromata  start  as  a  rule  in  the 
endoneurium  (Fig,  263  a),  and  tend  to  spread  chiefly  on  the 
exterior  (h  d},  though  the  internal  parts  may  also  be  invaded  (c). 
Thus  the  nerve-fibres  in  some  cases  lie  axially  in  the  growth  and 
are  surrounded  by  proliferous  connective  tissue  (6) ;  in  other  cases 
they  are  forced  asunder  by  the  intrusion  of  the  latter  (c). 


Fig.  263.    Multiple  netjkofibromata. 
{Section  of  a  plexiform  neuroma  from  a  case  of  elephantiasis  of  the  cheek  and  lower  jaw. 
pr^aration  hardened  in  Flemming's  acid  solution,  stained  with  saffranin,  and 
mounted  in  Canada  balsam :  x  8)  ' 


0  6  nerve  in  which  the  outer  strata  of  the 
endoneurium  have  undergone  great 
proliferation,  the  nerve-fihres  lying 
axially 

c     nerve  with  hyperplastic  endoneurium 


nerve  thickened  by  fibrous  hyperplasia 
with  a  few  persistent  nerve-fibres  at 
the  lower  end 

loose  cellular  tissue  lying  between  the 
nerves,  containing  much  fat 
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In  compound  nerves  (Fig.  264)  the  fibrous  hyperplasia  usually 
begins  in  the  endoneurium  of  the  several  nerve-bundles  (d  e  /), 
but  may  extend  to  the  perineurium  of  the  bundles,  and  to  the 
epineurial  septa  (J)  between  them.  The  nerve-fibres  generally 
become  atrophic  as  the  hyperplasia  extends;  but  they  may  also 
undergo  proliferation  and  increase  in  number  with  the  growth  of 
the  tumour.  The  tumour  in  such  cases  might  be  called  a  neu- 
roma, or  more  correctly  a  neurofibroma. 


Fig.  264.    Multiple  tebkomata  in  one  op  the  nerves  of  the  sciatic  plexus. 


(Preparation  hardened  in  Miiller's  fluid,  stained  with  carmine,  and  mounted  in  Canada 

balsam,  ■■  X  10) 
perineurium  of  tlie  entire  nerve 


epineurmm  containing  many  fat-cells 
cross-section  of  normal  nerve-bundles 

enclosed  in  their  own  perineurium 
commencing  fibromatons  formation  in 

the  endoneurium 


more  advanced  fibromatous  formation 
in  the  interior  of  a  nerve-bundle,  en- 
closing atrophic  fibres 

large  fibromatous  node  in  the  interior 
of  a  nerve-bundle  enclosing  atrophic 
nerves,  perineurium  thickened 


These  fibromata  and  neurofibromata  are  usually  multiple.  In 
rare  cases  they  develope  in  large  numbers  in  all  the  peripheral 
nerves,  but  they  are  more  commonly  limited  to  a  few.  They  are 
sometimes  seated  in  the  course  of  the  nerve-trimks,  sometimes  on 
the  finer  branches ;  in  the  latter  case  they  are  most  apt  to  imph- 
cate  the  smaller  cutaneous  nerves.  They  take  the  form  of  soft 
nodes,  varying  greatly  in  size,  and  are  generally  described  as 
multiple  cutaneous  fibromata,  and  classed  with  the  soft  fibro- 
mata or  fibroma  molluscum.  Fibromata  of  the  finer  branches 
may  be  combined  with  the  like  formations  in  the  nerve-trunks. 


ABT.  133] 


PLEXIPOEM  NEUROMA 


483 


and  the  nerves  are  often  at  the  same  time  diffusely  thickened  by- 
fibrous  hyperplasia.  The  individual  nodes  are  sometimes  so  small 
that  they  can  be  detected  only  with  the  microscope,  sometimes  so 
large  (Fig.  266  6)  as  to  form  growths  of  very  considerable  size. 
They  consist  usually  of  cellular  fibrous  tissue,  but  firmer  growths 
with  fewer  cells  are  also  met  with. 

Isolated  fibromata  usually  form  tumours  that  are  well  defined 
from  the  surrounding  tissue.  Sometimes,  however,  they  form  a 
convoluted  and  tortuous  plexus  of  varying  extent,  made  up  of 
thickened  nerves  with  fusiform  and  nodose  swellings  (Fig.  265)  ; 
this  is  described  as  a  pampiniform  (Beuns)  or  plezif orm  (Vek- 


FiG.  266.    Plexiform  nbtjroma  of  the  sackal  region. 
(After  a  drawing  by  P.  Beuns  :  natural  size  :  the  nodose  and  convoluted  plexus  is  at  a, 
uncovered,  at  b  still  covered,  by  connective  tissue) 

NEUiL)  neuroma.  It  is  met  with  both  on  the  spinal  and  on  the 
cerebral  nerves,  and  most  frequently  in  the  skin  and  subcutaneous 
tissue.  When  well  developed  it  gives  rise  in  some  instances  to 
large  puffy  lobulated  and  folded  thickenings  of  the  skin  (Fig. 
266  a),  in  other  cases  to  ill-defined  nodose  growths,  which  are 
regarded  as  of  the  nature  of  elephantiasis,  and  are  accordingly 
described  as  neuromatous  elephantiasis  or  pachydermia  (Art.  169). 
The  development  of  both  multiple  and  plexiform  neurofibro- 
Juata  is  dependent  on  some  peculiarity  of  embryonic  structure, 
which  even  in  childhood  often  gives  rise  to  growths  of  sensible 
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size.     They  are  accordingly  apt  to  be  hereditary,  and  to  recur  in 
particular  families. 

Sarcomata,  myxomata,  and  lipomata  of  the  nerves  appear 
as  fusiform  or  nodose  tumours,  and  like  the  fibromata  develope 
from  the  connective  tissue.  They  are  however  very  much  less 
common  than  the  multiple  fibromata,  and  are  usually  single.  In 
somewhat  rare  cases  fibromata  undergo  sarcomatous  transforma- 
tion (Westphalen),  and  they  then  give  rise  to  metastatic 
growths. 


Fig.  266.    Lobulated  plexifobm  neuroma  (a)  of  the  temporal  region  and 

NEUROFIBROMA    (6)    OF  THE  VAGUS    (after  BRUNS). 
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CHAPTER   L 
INTRODUCTORY 

134.  The  skin  is  a  structure  which  not  only  fulfils  the  passive 
office  of  covering  and  protecting  the. organism  in  general,  but  also 
performs  certain  active  physiological  functions  of  a  special  kind. 
It  serves  as  an  organ  of  touch,  as  a  regulator  of  the  body-tem- 
perature, as  a  secretory  organ  with  definite  secretions,  and  as  a 
respiratory  organ  in  so  far  as  it  takes  part  in  the  adjustment  of 
the  gaseous  interchanges  between  the  body  and  the  external  air. 
In  accordance  with  the  nature  of  its  physiological  functions  it  is 
in  intimate  relation  with  the  tissues  of  the  organism  on  the  one 
hand,  and  with  the  external  environment  on  the  other.  Thus  no 
other  organ  in  the  body  has  so  many  different  tasks  to  perform, 
and  none  is  so  constantly  exposed  to  extraneous  influences. 

Its  close  relations  with  the  rest  of  the  body  and  vdth  the  outer 
world  sufficiently  account  for  the  fact  that  the  skin  is  especially 
liable  to  disease  and  injury.  When  a  disease  of  the  skin  is 
caused  by  the  injurious  action  of  mechanical,  thermal,  or  chemical 
agents,  or  by  parasites  coming  from  without,  the  disease  is  de- 
scribed as  idiopathic.  On  the  other  hand,  the  term  symptomatic 
is  applied  to  cutaneous  affections  that  appear  as  concomitants  or 
consequences  of  other  disorders,  such  as  changes  in  the  blood  or 
lymph,  or  morbid  conditions  in  other  parts  like  the  heart,  liver, 
kidneys,  genital  organs,  nervous  system,  etc.  A  further  group, 
including  such  affections  of  the  skin  as  are  referable  to  anomalies 
of  development,  might  be  described  as  developmental  diseases. 
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CHAPTER  LI 


DISORDERS  OF  CIRCULATION 


135.  The  amount  of  blood  circulating  in  the  skin  varies 
greatly  even  under  physiological  conditions,  and  its  pathologica] 
variations  are  equally  remarkable.  They  are  liable  to  be  caused 
by  local  vascular  and  textural  changes,  and  in  particular  by  vase- 


Fig.  267.    Acne  rosacea. 

{Section  through  the  nasal  skin :  preparation  hardened  in  Mutter's  fluid,  stained  with 
haematoxylin  and  eosin :  x  25) 

"'   ""ceS? '  ^°  ^^^^  slightly  infiltrated  with      e  excretory  ducts  of  the  sebaceous  glands 

b    eDidprmia  distended  with  horny  cells  and  bac- 

c    apwl"  ^   ,     .  terla  (stained  black) 

<«   seWpnnffJ*''^    vu      ..,                       ■''  O^"^o<i«^fomculorum  in  the  duct  Ota 

seDaceous  gland  with  epithelial  scales  sebaceous  gland 

g  dilated  blood-vessels 
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motor  disturbances,  as  in  the  hyperaemia  accompanying  neuralgia 
or  injury  to  the  cutaneous  nerves. 

Hyperaemia  of  the  skin  may  be  diffuse  or  circumscribed,  and 
gives  rise  to  a  reddening  of  the  skin  that  disappears  under  the 
pressure  of  the  finger.  The  tint  varies  from  pale  pink  to  the 
dark  livid  purple  of  cyanosis.  The  excess  of  blood  is  limited 
almost  entirely  to  the  upper  strata  of  the  corium,  and  to  the 
papillary  layer  in  particular. 

Spots  of  hyperaemia  when  small  constitute  roseola;  when 
large  and  diffuse  erythema.  Sometimes  the  hyperaemic  parts 
are  also  notably  swollen,  and  independently  of  the  distension  of 
the  blood-vessels  the  tissues  are  saturated  with  transuded  liquid; 
this  occurs  in  inflammatory  oedema.  When  the  hyperaemia 
persists  for  a  time,  the  epidermis  is  loosened  and  shed,  and 
we  have  desquamation;  after  the  hyperaemia  has  disappeared, 
especially  if  it  has  lasted  for  some  time  or  has  frequently  re- 
curred, a  certain  amount  of  pigmentary  discoloration  remains, 
due  to  the  transformation  of  the  extravasated  red  corpuscles  into 
pigment.  After  death  simple  hyperaemia  usually  leaves  no  trace 
on  the  skin. 

Engorgement  or  passive  hyperaemia  generally  gives  rise  to 
ill-defined  bluish-red  blotches.  A  small  spot  is  called  a  livor  or 
livedo,  a  more  diffuse  lividity  constitutes  cyanosis. 

Acne  rosacea  is  characterised  by  deep-red  spots,  nodules, 
and  tuberosities  containing  dilated  blood-vessels,  which  develope 
slowly  over  the  surface  of  the  nose  and  cheeks.  Its  growth  is  due 
to  long-continued  distension  of  the  blood-vessels  (Fig.  267^), 
combined  with  enlargement  of  the  sebaceous  glands  (e)  and  dila- 
tation of  their  excretory  ducts  by  retained  secretion  (e).  The 
excretory  ducts  sometimes  harbour  a  Demodex  folliculorum  (/), 
which  perhaps  keeps  up  the  chronic  condition  of  irritation.  The 
parts  about  the  gland  are  apt  to  be  inflamed. 

Anaemia  of  the  skin  is  manifested  by  its  abnormal  paleness, 
and  is  general  or  local.  It  may  be  due  to  direct  external  influ- 
ences, to  stimulation  of  the  vaso-constrictor  nerves,  or  to  general 
anaemia. 

Oedema  of  the  skin,  that  is  to  say  saturation  of  its  tissue  with 
serous  liquid,  is  due  either  to  engorgement  of  the  veins  or  lym- 
phatics, or  to  increased  permeability  of  the  walls  of  the  arterioles. 
Oedematous  skin  is  thick  and  puffj^  and  liquid  runs  from  it  when 
it  is  cut ;  in  extreme  cases  the  epidermis  rises  in  blisters  or  blebs 
from  the  papillary  layer. 

Active  or  congestive  hjrperaemia  is  not  always  easy  to  distinguish  from 
inflammation,  into  which  it  often  passes  as  a  second  stage.  The  idiopathic 
erythemata  arising  from  mechanical  injury,  heat,  etc.,  and  the  symptomatic 
rashes,  such  as  those  accompanying  infantile  dentition  and  diphtheria,  are 
usually  accompanied  by  a  certain  amount  of  inflammatory  exudation,  more 
especially  in  the  case  of  the  idiopathic  forms. 
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136.  Recent  haemorrhages  into  the  skin  give  rise  to  red 
stains  whicli  do  not  disappear  when  pressed  with  the  finger, 
Small  irregular  specks  from  the  size  of  a  millet-seed  to  that  of  a 
lentil  are  called  petechiae.  Vibices  are  small  elongated  simpU 
or  ramified  streaks,  and  still  larger  irregularly-shaped  stains  are 
called  ecchymoses. 

When  the  haemorrhage  gives  rise  to  a  nodular  or  papulai 
unevenness  of  the  skin  it  is  called  lichen  haemorrhagicus  oi 
purpura  papulosa.  When  the  extravasated  blood  is  collected 
into  a  tumour  or  raised  swelling  this  latter  is  described  as  ecchy- 
moma  or  haematoma ;  when  it  raises  the  epidermis  into  a  large 
vesicle  or  bleb  the  result  is  a  haemorrhagic  bulla  or  blood- 
blister. 

The  seat  of  haemorrhage  varies ;  usually  it  is  in  the  papillarj 
layer  and  corium,  and  thence  the  extravasated  blood  passes  uj 
under  the  epidermis,  and  either  raises  it  from  the  underlying 
layers  or  penetrates  among  its  cells.  If  the  blood  gains  entrance 
to  the  sweat-glands  and  escapes  through  their  ducts  we  have 
haematidrosis  or  bloody  sweat. 

In  cutaneous  haemorrhages  the  changes  passed  through  by  th( 
colouring  matter  of  the  extravasated  blood  may  be  followed  ii 
part  by  the  naked  eye.  The  bright  red  of  recent  blood  passes 
through  bluish-red  and  yellowish-green  into  brown.  After  a  tim< 
the  discoloration  disappears  as  the  pigment  is  absorbed,  and  th< 
altered  blood  which  has  penetrated  between  the  epidermal  cell! 
comes  to  the  surface  and  is  shed  with  them  by  the  process  o: 
normal  desquamation. 

According  to  their  mode  of  origin  cutaneous  haemorrhage! 
are  distinguished  as  idiopathic  or  symptomatic.  Spontaneous  a! 
distinguished  from  traumatic  haemorrhages  are  usually  groupec 
together  under  the  general  name  of  purpura. 

Spontaneous  purpuric  haemorrhages  are  either  symptoms  or  secondari 
consequences  of  certain  general  affections,  some  of  which  are  at  present  bu 
little  understood.  The  haemorrhages  that  accompany  some  forms  of  sinall-po2 
(variola  haemorrhagica  or  purpura  variolosa)  are  occasionally  very  exten 
sive.  They  begin  as  small  specks,  without  any  definite  arrangement,  and  in  i 
few  hours  expand  and  coalesce  into  great  blood-stained  patches.  Plague 
snake-bites,  septicaemia,  scarlatina,  endocarditis,  and  other  infective  and  tox 
aemic  conditions  are  often  accompanied  by  cutaneous  haemorrhages  in  th( 
form  of  petechial  or  livid  spots,  due  to  changes  in  the  blood  or  in  the  vessel 
walls,  or  occasionally  to  embolic  lodgments  of  bacteria  in  the  arterioles  of  thi 
skin. 

Purpura  or  peliosis  rheumatica  is  a  peculiar  affection  which  sets  in  witl 
or  without  slight  febrile  symptoms,  and  with  pains  in  the  knees  and  ankles 
followed  by  the  appearance  of  large  and  small  cutaneous  haemorrhages  abou 
the  knees.  In  purpura  simple::  and  purpura  haemorrhagica  (morbus  macu 
losus  Werlhqfii)  cutaneous  haemorrhages  make  their  appearance  in  various  parti 
of  the  body,  accompanied  by  fever  and  general  depression.  In  the  latter  afiec 
tion  the  haemorrhagic  patches  may  be  as  large  as  the  palm  of  the  hand,  an( 
copious  bleeding  from  the  mouth,  nose,  and  throat  occasionally  ensues.  Thi 
es  in  scurvy  or  purpura  scorbutica  are  a  very  marked  feature 
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and  occur  in  the  skin  and  the  subcutaneous  tissue  as  well  as  in  the 
The  cause  of  all  these  affections  is  unknown ;  probably  they  are  due  to  in 
or  toxaemic  agencies  (W.  Koch)  . 

The  lower  limbs  of  aged  persons,  whose  vascular  system  is  in  a  si 
atheromatous  degeneration,  are  very  frequently  covered  with  haemoi 
spots.  This  condition  is  called  purpura  senilis,  and  results  from  distu 
of  the  circulation. 

The  stigmata,  or  spontaneous  haemorrhages  from  the  skin,  which  ii 
patients  and  especially  in  hysterical  women  appear  as  the  result  of  n 
excitation,  and  are  often  regarded  as  miraculous,  might  be  described  as  i 
patbic  haemorrhages. 
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CHAPTER   LII 
PIGMENTARY  DISORDERS 

137.  Discolorations  of  the  skin  may  be  diffuse  or  circum- 
scribed. They  are  due  either  to  an  increase  of  the  natural 
pigment  of  the  rete  Malpighii  and  corium,  or  to  deposition  of 
pigment  derived  from  the  blood  or  bile  or  from  extraneous 
matters  introduced  into  the  system. 

One  kind  of  local  morbid  pigmentation  is  congenital,  or  at 
least  has  some  congenital  basis ;  in  the  latter  case  it  usually 
appears  in  early  life.  Of  this  nature  are  the  varieties  described 
as  pigmented  moles  (naevi  pigmentosi),  freckles,  sun-spots,  and 
xanthelasma. 

Naevi  pigmentosi,  or  moles,  are  congenital,  and  take  the 
form  of  spots  of  various  sizes ;  they  are  light-brown  to  dark- 
brown  or  black  in  colour.  When  smooth  and  level  with  the  skin 
a  mole  is  termed  naevus  spilus,  when  rough  and  warty  naevus 
prominens,  or  naevus  verrucosus,  and  when  beset  with  hair  naevus 
pilosus.  The  epidermis  covering  a  mole  is  usually  of  normal 
thickness,  and  but  rarely  hypertrophic. 

Freckles  (lentigines)  appear  at  various  ages  during  childhood, 
and  form  yellowish  to  blackish-brown  sharply-defined  specks  from 
the  size  of  a  pin's  head  to  that  of  a  pea,  and  closely  resembling 
small  naevi.  They  have  no  special  seat  of  preference,  and  when 
once  produced  they  persist  throughout  life. 

Sun-spots  Qephelides')  are  composed  of  irregular  and  jagged 
light-brown  smooth  specks,  that  generally  appear  in  early  life, 
most  commonly  between  the  fourth  and  the  eighth  year,  upon  the 
face,  hands,  and  arms,  and  rarely  in  other  portions  of  the  body. 
They  either  persist  for  life  or  gradually  disappear  after  a  time. 
The  development  of  the  pigment  is  favoured  by  the  action  of 
sunlight. 

Xanthelasma  or  xanthoma  occurs  as  sulphur-yellow  and 
brownish-yellow  spots,  which  are  either  level  with  the  skin 
(xanthelasma  planum)  or  raised  above  it  in  nodular  excrescences 
(xanthelasma  tuberosum').  The  spots  are  commonest  about  the 
eye-lid,  and  seldom  appear  in  other  places. 

All  these  forms  possess  a  peculiar  cellular  structure,  and  are 
therefore  reckoned  among  the  neoplasms  of  the  skin  (Art.  168) 
that  are  referable  to  congenital  conditions. 
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A  second,  variety  of  morbid  pigmentation  evidently  depends 
on  certain  physiological  or  pathological  conditions  of  the  body. 
Thus  women  who  are  pregnant  or  are  suffering  from  uterine  dis- 
ease frequently  exhibit  pigmentation  of  the  forehead,  temples, 
cheeks,  mammary  areolae,  and  other  parts,  in  the  form  of  brown 
spots  of  different  sizes,  which  tend  to  become  confluent  or  enclose 
within  them  lighter  areas.  Such  discolorations  are  described  as 
uterine  chloasma;  they  are  doubtless  related  to  special  con- 
ditions of  the  reproductive  organs,  as  they  generally  disappear 
with  pregnancy,  or  after  the  cure  of  the  primary  uterine  affection. 

In  patients  suffering  from  wasting  diseases,  such  as  phthisis, 
brownish  pigmentation  of  the  skin  is  of  frequent  occurrence,  the 
condition  being  termed  chloasma  cachecticorum. 

In  Addison's  disease,  with  the  onset  of  the  peculiar  cachexia 
the  skin  assumes  a  diffuse  dark-brown  or  bronze-like  hue  (^outis 
aenea~),  particularly  about  the  face,  neck,  hands,  nipples,  and 
genitals.  Darker  and  more  sharply  defined- spots  are  simultane- 
ously produced  in  the  skin,  and  in  the  mucous  membranes  of  the 
mouth  and  throat  grey  patches  sometimes  appear.  The  discolor- 
ation is  usually  associated  with  a  characteristic  degeneration  of 
the  suprarenal  bodies,  these  organs  being  in  general  tuberculous. 

A  third  kind  of  cutaneous  pigmentation  is  due  to  local 
damage  from  thermal,  chemical,  or  traumatic  causes,  or  is  due 
to  disease  of  the  skin  itself.  Thus  by  the  action  of  strong  sun- 
light the  skin  is  apt  to  be  more  or  less  burned,  and  the  discolor- 
ation thereby  produced  (chloasma  caloricum)  may  last  for  some 
time.  Slight  and  repeated  injuries,  such  as  those  caused  by  para- 
sites or  by  scratching,  often  leave  pigmented  spots  (chloasma 
traumaticum).  Mustard-plasters,  cantharides,  iodine,  chrysa- 
robin,  and  the  like,  when  applied  to  the  skin  are  liable  to  produce 
stains  (chloasma  toxicum)  that  usually  disappear  after  a  cer- 
tain length  of  time,  but  occasionally  last  for  life. 

The  yellow  and  brown  pigmentation  appearing  after  cutaneous 
haemorrhages  is  caused  by  the  deposition  partly  of  haematoidin 
and  partly  of  haemosiderin. 

Icterus  or  jaundice  leads  to  yellowish,  yellowish-green,  or 
olive-coloured  staining  of  the  skin  by  the  bile-pigments.  In 
argyria,  due  to  the  continued  ingestion  of  silver-salts,  the  depo- 
sition of  particles  of  reduced  silver  in  the  corium  gives  it  a  tint 
varying  from  slate-colour  to  dark-brown.  In  tattooing  various 
insoluble  colouring-matters  are  incorporated  into  the  corium,  and 
there  remain. 

138.  The  term  pigmentary  atrophy  (leucopathia  or  aohroma) 
refers  to  conditions  in  which  the  normal  pigment  of  the  skin  is 
deficient  or  absent.  The  congenital  variety  (leucopathia  congen- 
ita) is  called  albinism;  the  acquired  form  (leucopathia  acquisita) 
is  called  vitiligo. 

In  the  condition  known  as  total  or  general  albinism  the  normal 
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pigments  of  the  body  are  absent  from  birth.  The  affected  per- 
sons, who  are  called  albinos,  have  a  milk-white  pinkish  translucent 
skin ;  their  hair  is  yellowish-white  and  silky ;  the  iris  and  choroid 
are  uncoloured,  and  therefore  show  the  red  tint  of  the  blood  they 
contain.  Albinism  is  not 
very  common  among  Euro- 
peans, but  it  is  more  frequent 
among  negroes. 

Partial  albinism,  that  is, 
partial  congenital  deficiency 
of  pigmentation,  is  rare 
among  Europeans,  though 
many  cases  have  been  ob- 
served in  which  the  skin 
contained  congenital  white 
patches.  According  to  Se- 
LiGSOHN  and  Steicker,  this 
anomaly  is  sometimes  hered- 
itary. 

Vitiligo  is  characterised 
by  the  appearance  in  the 
skin  of  white  unpigmented 
patches,  usually  surrounded 
by  a  zone  of  increased  pig- 
mentation. The  patches  ap- 
pear as  a  rule  in  early  life, 
sometimes  as  a  sequela  of 
infective  disease,  and  they 
are  often  symmetrically  dis- 
tributed (Fig.  268). 

Having  reached  a  certain 
size  they  tend  to  remain  un- 
changed; but  they  some- 
times increase  in  size  and 
coalesce,  so  that  ultimately 
a  large  portion  of  the  sur- 
face of  the  body  is  deprived 
of  pigment,  the  latter  becom- 
ing concentrated  within  a 
small  space.  Hairs  growing 
on  the  decolorised  patches 
become  white  (^poliosis  cir- 
cumscripta). 

The  aetiology  of  vitiligo 
is  not  known.  Among  the 
Sarts  in  Turkestan  the  affection  is  endemic  (Minch).  The  histo- 
logical change  consists  simply  in  the  disappearance  of  the  normal 
pigment  in  the  decolorised  area,  while  around  it  the  pigment  of 
2k 


Fig.  268.    Endbmic  vitiligo. 
(After  a  photograph  by  Minch) 
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the  corium  is  increased.  Leloie  is  of  the  opinion  thai 
anomalous  distribution  of  pigment  is  referable  to  nervous  i 
ences. 

Local  acquired  leucopathia  may  result  from  cutaneous  in 
mations,  such  as  those  accompanying  furunculosis,  eczema,  li 
leprosy,  and  syphilis.  In  the  white  patches  thus  produced 
skin  is  sometimes  smooth,  sometimes  scar-like,  while  round  a 
them  the  natural  pigmentation  is  often  increased. 

The  disappearance  of  the  colouring-matter  from  a  pigme 
spot  is  due  either  to  its  removal  into  other  parts  of  the  ski 
into  the  Ijrmph-glands,  or  to  desquamation  of  the  pigmented 
dermal  cells  with  imperfect  reproduction  of  the  pigment. 

According  to  Minch,  vitiligo  is  somewhat  widely  distributed  in  Ti 
tan,  and  is  considered  contagious  by  the  Sarts.  Affected  persons  are  ac 
ingly  segregated,  and  kept  with  the  lepers  within  special  enclosures, 
disease  is  called  by  them  pyez.  It  is  probable  that  endemic  vitiligo  has 
been  confused  with  macular  leprosy  by  writers  who  have  described  it  a 
'  white  leprosy '  of  the  Hebrews. 

References  on  Albinism  and  Vitiligo. 
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CHAPTER   LIII 
ATROPHY  OF   THE  SKIK 

139.  Simple  atrophy  implies  a  loss  of  substance  in  the 
several  constituents  of  the  skin,  generally  in  connexion  with  some 
change  in  their  structure.  It  may  be  local  or  extended  diffusely 
over  large  areas,  and  is  sometimes  a  primary,  sometimes  a  second- 
ary condition. 

In  the  physiological  retrogression  of  old  age,  or  senile  atrophy, 
certain  textural  changes  take  place  in  the  skin,  and  these  occasion- 
ally become  very  highly  marked.  The  skin  becomes  thinner,  and 
the  papillae  are  depressed.  In  some  spots  where  the  papillae  are 
not  large  they  disappear  entirely.  The  fibrous  fasciculi  of  the 
coriuia  become  more  and  more  scanty,  while  the  elastic  fibres  are 
retracted  and  undergo  hyaline  degeneration  (Schmidt),  which 
leads  to  their  swelling  up  and  to  their  ultimate  disintegration. 

The  vessels  of  the  skin  are  here  and  there  obliterated,  so  that 
in  an  injected  preparation  the  close  vascular  network  seen  under 
normal  conditions  is  lost.  Deposition  of  pigment,  in  the  form  of 
yellowish-brown  or  dark- brown  granules,  often  takes  place,  the 
granules  lying  either  in  the  cells  of  the  rete  or  around  the  vessels 
of  the  cprium.  The  changes  in  the  cutis  are  accompanied  by 
corresponding  changes  in  the  epidermal  elements.  The  softer 
strata  of  the  epidermis  become  thinned  out,  so  that  the  horny 
layer  is  separated  from  the  papillae  only  by  a  few  layers  of  cells. 
The  horny  layer  itself  is  dry  and  brittle,  and  often  scaly.  Here 
and  there  aggregations  of  epidermal  scales  take  place,  forming 
whitish  patches  of  various  sizes,  and  constituting  the  condition 
known  as  pityriasis  simplex. 

In  hairy  parts  the  hairs  fall  out  and  are  not  renewed,  the  hair- 
follicles  either  being  empty  (Fig.  269  d},  or  containing  only  lanu- 
ginous  or  downy  filaments  (c).  The  hair-follicles  themselves 
(c  d  e)  are  notably  diminished  in  size,  and  their  openings  are  not 
infrequently  closed  (e)  by  proliferous  epithelial  scales,  so  that  the 
downy  hairs  they  enclose  do  not  reach  the  surface.  If  new  hairs 
(A)  continue  to  be  produced  within  the  follicles,  small  cysts  (^) 
are  formed,  which  contain  a  large  number  of  minute  hairs. 

The  hair-follicle,  or  the  excretory  duct  of  a  sebaceous  gland 
opening  into  it,  may  become  distended  by  an  accumulation  of  the 
sebaceous  secretion.     This  gives  rise  to  a  somewhat  large  cyst 
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(atheroma  or  -wen),  filled  with  sebaceous  matter  and  epidermal 
scales,  or  in  some  cases  with  minute  hairs  (^),  which  as  it 
grows  forces  the  hair-follicle  (A)  out  of  its  place.  As  the  hair- 
follicles  perish  the  sebaceous  glands  (/  e)  generally  become 
reduced  in  size,  and  finally  disappear  entirely.  The  sweat-glands 
on  the  other  hand  are  not  perceptibly  altered. 

Marasmic  or  cachectic  atrophy  of  the  skin  occurs  in  patients 
affected  with  wasting  diseases,  in  whom  the  subcutaneous  fat  dis- 
appears, as  in  chronic  tuberculosis.  Such  atrophy  often  gives 
rise  to  desquamation  of  the  epidermis  in  the  form  of  scales 
(pityriasis  tabescentium). 


Fig.   269.     Atrophy   akd   cystic   degeneration    of   the   haik-follicles   and 
sebaceous  glands  of  the  scalp. 

{Pre-paration  hardened  in  alcohol,  staiTied  with  Bismarck-brown,  and  mounted  in 

Canada  balsam :  X  20) 


epidermis 

corinm 

atrophic  hair-follicle  containing  downy 
hairs  below  and  scales  of  horny  epi- 
dermis at  its  outlet 

obliterated  hair-follicle  devoid  of  hair 


e  hair-follicle  with  sebaceous  gland 

/  atrophic  sebaceous  gland 

g  cyst  with  small  cast-off  hairs 

ffi  cyst  with  enclosed  atheromatous  matter 

h  small  hair  seated  on  the  wall  of  the  eyst 

i  sweat-gland 


Linear  atrophy  from  over-distension  is  generally  the  result  of 
the  excessive  stretching  of  the  abdominal  waUs  and  adjacent  parts 
of  the  skin  by  the  pregnant  uterus,  but  the  like  may  result  in  the 
abdomen  or  elsewhere  from  the  growth  of  tumours  or  the  accumu- 
lation of  liquid  beneath  the  skin.  Streaks  appear  in  the  distended 
parts  that  at  first  are  reddish  in  tint,  and  afterwards  become  white 
and  lustrous  (lineae  alhicantes).  Within  these  streaks  the  papillae 
are  flattened  or  entirely  effaced.  The  fibrous  fasciculi  of  the 
corium  are  stretched  into  parallelism,  and  are  no  longer  interlaced 
and  felted  together  (Lange),  while  the  elastic  fibres  are  remark- 
ably diminished  in  number :  the  persistent  stretching  in  fact  in- 
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duces  atrophy  of  the  elastic  fibres  and  obliteration  of  the  vessels 
(Tboisibk  and  Mbnbtriee). 

Cutaneous  atrophy,  with  desquamation  of  the  epidermis, 
exfoliation  of  the  nails,  abnormal  distribution  of  the  pigment 
in  brown  and  white  patches,  and  wasting  of  the  glands  and 
hair-follicles,  is  an  occasional  sequela  of  certain  affections  of  the 
nerves,  as  in  anaesthetic  leprosy.  After  wounds  and  injuries  of 
the  peripheral  nerves,  the  skin  of  the  paralysed  parts  often 
becomes  smooth,  shining,  and  attenuated.  Excoriation,  and  at 
a  later  stage  inflammation,  are  easily  induced.  The  nails  become 
curved  and  fissured  and  the  hair  falls  out  and  loses  its  colour. 
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CHAPTER  LIV 
INFLAMMATORY  AND  PARASITIC  DISORDERS 

140.  The  exciting  causes  of  inflammations  in  the  skin  are 
extremely  various  in  their  nature,  and  act  in  many  different  ways. 
Thus  diverse  kinds  of  mechanical  injuries,  such  as  blows,  knocks, 
pricks,  continuous  pressure,  rubbing,  scratching,  etc.,  give  rise  to 
different  forms  of  inflammation,  according  to  their  mode  of  action. 

To  these  must  be  added  all  the  various  forms  of  contamina- 
tion of  the  skin,  which  either  act  as  direct  irritants,  or  by  block- 
ing up  the  ducts  of  the  sebaceous  and  sudoriparous  glands  and 
the  hair-follicles,  and  so  alter  the  superficial  layers  of  the  epider- 
mis and  the  cutaneous  secretions  as  to  interfere  with  the  functions 
of  the  skin.  Inadequate  cleanliness  often  gives  rise  to  itching, 
from  irritation  of  the  sensory  nerves,  and  the  scratching  that  is 
thereby  induced  increases  the  intensity  of  the  irritation. 

Abnormal  chilling  and  heating  of  the  skin  are  still  more  com- 
mon causes  of  inflammation.  Frequently-recurring  changes  of 
the  surrounding  temperature,  or  the  application  of  intense  cold 
or  heat  for  a  short  time,  produce  the  same  effect  as  changes  of 
less  degree  continuing  for  a  longer  period. 

The  skin  is  peculiarly  subject  to  the  influence  of  irritating  and 
corrosive  chemical  substances,  many  of  which  set  up  inflamma- 
tions that  are  more  or  less  severe. 

Various  inflammatory  affections  of  the  skin  are  induced  by 
the  settlement  in  it  of  vegetable  or  animal  parasites,  which  either 
reach  it  from  without  or  are  brought  to  it  by  the  circulation. 

Irritation  of  the  nerves  frequently  leads,  in  a  reflex  manner, 
to  congestive  hyperaemia  of  the  skin,  and  sometimes  also  to  inflam- 
matory exudation.  Diseases  of  the  central  and  peripheral  nervous 
system  often  disturb  the  nutrition  of  the  skin,  and  occasionally 
give  rise  to  inflammatory  affections. 

Cutaneous  anaesthesia  renders  the  skin  liable  to  injury  of 
various  kinds,  and  these  are  apt  to  result  in  traumatic  inflam- 
mation. A  disease  of  the  nervous  system  that  is  associated  with 
itching  or  formication  may  moreover  expose  the  skin  to  mechan- 
ical irritation  by  the  scratching  it  excites. 

The  susceptibility  of  the  skin  to  the  above-named  forms  of 
injury  varies  greatly  in  different  persons.  Thus  a  given  injury 
may  be  without  effect  in  one  case,  while  in  another  it  sets  up 
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more  or  less  intense  inflammation  of  the  skin.  Many  persons,  for 
example,  can  wash  their  hands  with  weak  solutions  of  corrosive 
sublimate  or  carbolic  acid  without  injury  to  the  skin,  while  others 
under  similar  conditions  suffer  from  free  desquamation  of  the 
epidermis,  or  it  may  be  from  severe  eczema.  Sometimes  indeed 
the  irritation  is  not  confined  to  the  part  of  the  skin  directly  ex- 
posed to  the  action  of  the  liquid,  but  extends  over  a  very  large 
portion  of  the  body.  A  flea-bite,  that  in  most  people  gives  rise 
to  no  appreciable  irritation,  in  others  sets  up  wide-spread  inflam- 
matory swelling  of  the  skin.  So  also  there  are  persons  who 
suffer  from  peculiar  cutaneous  inflammations  whenever  they  eat 
strawberries,  lobsters  or  crabs,  oysters,  sea-fish,  and  so  on. 

Children  generally  have  a  very  susceptible  skin,  and  thus 
slight  irritations  are  in  their  case  often  followed  by  cutaneous 
inflammation. 

The  skin  often  suffers  when  the  general  nutrition  is  impaired, 
as  in  many  infective  diseases,  in  chronic  disorders  of  the  circu- 
lation, and  the  like ;  it  sometimes  indeed  becomes  so  vulnerable 
that  the  slightest  mechanical  injury,  such  as  gentle  pressure,  gives 
rise  to  degeneration,  necrosis,  and  inflammation.  This  condition 
is  exemplified  in  bed-sores  or  decubital  necroses. 

141.  The  mildest  forms  of  inflammation  of  the  skin  are  mani- 
fested by  diffuse  redness  and  swelling  (erythema),  or  by  the 
appearance  of  circuinscribed  elevations  that  are  distinguished 
according  to  their  size  and  shape  as  papules,  vrheals,  tuber- 
cules,  and  nodes.  Papules  are  small  circumscribed  solid  eleva- 
tions, wheals  are  larger  and  flattened,  and  tubercules  are  still 
larger  and  somewhat  rounded  in  form  and  red  in  colour,  or  the 
margin  only  is  reddened  while  the  centre  appears  pale. 

The  histological  changes  in  these  milder  forms  of  inflamma- 
tion consist  of  infiltration  of  the  tissues  with  serum,  and  more 
or  less  abundant  extravasation  of  leucocytes.  The  epidermis  is 
usually  but  little  altered,  though  some  of  its  cells  may  become 
swollen  and  beset  with  drops  of  liquid,  and  afterwards  undergo 
liquefaction.  At  the  same  time  proliferation  is  occasionally  in- 
duced, and  gives  rise  to  an  increased  production  of  epidermal 
cells.  Red  blood-corpuscles  are  at  times  extravasated  with  the 
leucocytes,  and  mingling  with  the  exudation  pass  from  the  tips  of 
the  papillae  into  the  cellular  layers  of  the  epidermis. 

In  many  cases  the  local  inflammatory  process  is  more  intense, 
and  the  skin  becomes  saturated  with  exuded  liquid.  The  result 
is  that  the  swelling  and  redness  are  more  pronounced,  and  further 
changes  are  induced  that  lead  to  the  formation  of  vesicles,  pus- 
tules, scales,  crusts,  and  scabs.  When  the  corium  (Fig.  270  e) 
and  the  papillary  layer  are  permeated  by  liquid,  fibrinous,  and 
cellular  exudations  Qi  i),  some  of  these  extend  into  the  overlying 
epidermal  strata  if  g  Tid-,  proceeding  chiefly  from  the  tips  of  the 
papillae  (i).    If  the  epidermal  strata  become  saturated  with  liquid, 
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the  cells  that  are  not  yet  horny  are  apt  to  be  more  or  less  swollen 
(c?  e/).  Drops  of  liquid  generally  appear  within  them,  giving 
rise  to  so-called  vacuolation,  and  some  of  them  are  entirely  dis- 
solved, and  thus  small  cavities  filled  with  liquid  are  produced 
(Fig.  277  g  g^).  This  is  most  likely  to  occur  when,  as  in  burns 
(Fig.  271),  the  epidermis  is  severely  damaged  and  in  part  killed 


Fig.  2T0.    Section  through  a  syphilitic  mucous  patch  (condyloma  latum  ani). 

{Preparation  hardened  in  Milller's  fluid,  stained  with  Bismarck-brown,  and  mounted 
in  Canada  balsam :  x  150) 

g   degenerate  epidermal  cells  into  which 

leucocytes  have  penetrated 
h   granular  coagula 
i    swollen  and  infiltrated  papilla 
k   corium  infiltrated  with  cells  and  fibrin 


a   horny  layer  of  the  epidermis 

6   rete  Malpighii 

c    corium 

d   surface  layer  swollen  up  and  infiltrated 

with  leucocytes 
e    swollen  cells  of  the  rete  Malpighii 
/  swollen   epidermal   cells    interspersed 

with  round-cells 


I    lymphatic  vessel 
m  sweat-gland 


by  the  primary  injury,  while  at  the  same  time  a  large  amount  of 
liquid  is  extravasated  from  the  vessels.  The  epidermal  cells  over- 
lying the  tips  of  the  papillae  (Fig.  271  df}  are  the  first  to  swell 
up  and  dissolve,  but  later  on  the  inter-papillary  cells  (e  g  K) 
undergo  a  similar  change. 

When  the  extravasated  serum  is  able  to  pass  through  the 
horny  layer  of  the  epidermis  and  appears  on  the  surface,  the  in- 
flamed area  is  covered  with  a  liquid  and  more  or  less  coagulable 
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exudation  (Fig.  270  A),  and  the  surface  is  said  to '  weep.'  This  is 
most  likely  to  happen  in  parts  where  two  cutaneous  surfaces  are 
in  close  contact  and  so  are  protected  from  drying,  with  the  result 
that  the  cells  of  the  horny  layer  become  swollen  and  loosened. 

Crusts  and  scabs  are  produced  when  the  superficial  exuda- 
tion dries  by  evaporation.  According  to  the  proportion  of  red 
or  white  blood-corpuscles  present  in  the  exudation,  the  crust  is 
gummy  and  semi-translucent,  and  brown  or  brownish-red  in 
colour,  or  dirty  brownish-yellow  and  opaque.  Scabbing  is  most 
apt  to  occur  when  the  horny  layer  of  the  epidermis  is  injured,  or 
when  the  surface  is  broken  by  excoriation  or  exfoliation,  fissures 
(rhagades)  or  chaps,  through  which  the  exudation  easily  reaches 
the  surface. 


Fig.  271.    Section  through  the  margin  oi'  a  blister  due  to  a  burn. 
{Carmine  staining  :  X  150) 


a  horny  layer 

b  rete  Malpighii 
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d  swollen  cells   in   some   of   which  the 
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not 
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/  complete  liquefaction  of  the  cells  over 
the  papillae 

g  inter-papillary  cells,  denucleated, 
swollen,  and  separated  from  the 
cutis 

!i  complete  degeneration  of  the  inter- 
papillary  cells  separated  from  the 
cutis 

i    depressed  papiUa.  infiltrated  with  cells 

k  sub-epidermal  coagulated  fibrinous  ex- 
udation 


When  the  escape  of  liquid  to  the  surface  is  prevented  by  the 
horny  layer  of  the  epidermis,  the  latter  is  raised  by  the  exudation, 
and  vesicles  or  blebs  are  produced  (Fig.  271).  If  all  the  cells 
of  the  rete  Malpighii  are  destroyed  by  a  sudden  and  copious  exu- 
dation, the  vesicle  is  unilocular  :  but  if  the  cellular  structures  are 
in  part  preserved  and  form  more  or  less  complete  septa  between 
the  centres  of  liquefaction,  the  result  is  a  multilocular  vesicle. 
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The  latter  is  the  usual  condition  in  recent  vesicles,  and  the  per- 
sistent cells  and  cellular  septa  undergo  various  deformations,  due 
to  continued  pressure  and  tension.  After  a  time  most  of  the  septa 
become  liquefied  and  disappear. 

The  liquid  distending  the  vesicles  and  blebs  usually  contains 
at  first  but  few  cells,  and  is  therefore  clear.  At  times  it  includes 
a  large  number  of  red  corpuscles,  giving  rise  to  haemorrhagic 
blebs  with  red  or  pink  contents.  In  other  cases  the  liquid  con- 
tains numerous  leucocytes,  which  give  it  a  whitish  turbid  appear- 
ance like  that  of  thin  pus  :  such  a  vesicle  is  usually  described  as 
a  pustule.  Often  the  course  of  the  process  is  such  that  when  the 
vesicle  first  appears  its  contents  are  clear,  and  afterwards  they 
become  turbid.  The  liquid  may  however  be  turbid  from  the  out- 
set, or  the  vesicle  may  dry  up  without  passing  through  a  stage  of 
turbidity. 

The  contents  of  a  pustule  sometimes  become  inspissated  by 
evaporation,  and  then  it  gives  rise  to  a  yellow,  grey,  or  brown 
crust  or  scab. 

In  certain  cutaneous  inflammations,  when  the  interference  with 
the  circulation  of  the  papillae  and  corium  is  extreme  and  persist- 
ent, or  when  the  exciting  cause  is  such  as  directly  to  bring  about 
necrosis  of  the  tissue,  the  resulting  loss  of  substance  is  not  con- 
fined to  the  epidermal  strata  but  extends  to  the  deeper  layers,  and 
these  are  either  cast  off  as  large  sloughs  or  eschars,  as  in  diph- 
theritic inflammation  and  gangrene,  or  break  down  more  gradu- 
ally by  suppuration.  Such  inflammations  therefore  terminate  in 
necrosis,  gangrene,  abscess,  or  ulceration. 

142.  The  inflammations  of  the  skin  are  some  of  them  acute 
processes,  tending  to  recover  after  short  duration,  and  some  of 
them  chronic,  giving  rise  to  more  or  less  extensive  textural 
changes. 

In  the  slight  forms  of  acute  inflammation,  the  exudation  is 
in  general  speedily  re-absorbed,  and  the  skin  soon  resumes  its 
normal  appearance.  Not  uncommonly,  however,  the  process  of 
recovery  is  accompanied  by  somewhat  free  desquamation  of  the 
epidermis,  which  is  cast  off  in  scales  or  shreds.  The  scales 
(^squamae)  take  the  form  of  small  bran-like  flakes,  of  larger  thin 
white  or  dirty-grey  glistening  lamellae,  of  thicker  white  plates,  or 
of  continuous  membranaceous  shreds,  which  are  shed  from  the 
surface  of  the  epidermis.  The  desquamation  is  called  furfu- 
raceous  when  the  scales  are  small ;  it  is  membranaceous  or 
siliquose  when  the  flakes  are  larger.  The  scales  occasionally 
cohere  into  irregular  masses,  or  into  thick  cakes.  The  formation 
of  scales  is  chiefly  due  to  an  increased  or  morbidly-altered  pro- 
duction of  horny  epidermal  cells. 

Transient  pigmentation  is  apt  to  arise  when  the  inflammation 
is  associated  with  extravasation  of  red  blood-corpuscles. 

Regenerative  multiplication  of  the  epidermal  cells  is  soon 
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set  up  beneath  the  vesicles,  pustules,  and  crusts.  It  generally 
starts  from  the  border  of  the  inflammatory  area  (Fig.  212  ddj), 
and  thence  extends  to  the  denuded  parts.  If  any  epidermal  cells 
persist  between  the  papillae,  the  proliferation  may  start  from 
them ;  and  in  some  cases  it  appears  to  proceed  from  the  cells  of 
the  hair-follicles  and  the  ducts  of  the  sebaceous  and  sudoriparous 
glands.  In  these  ways  the  mass  of  the  vesicle,  pustule,  or  scab  is 
gradually  forced  upwards,  and  separated  from  the  underlying 
papillae  by  a  cellular  layer  ;  this  very  soon  becomes  differentiated 
into  the  normal  epidermal  strata,  and  a  new  horny  layer  (dg)  is 
at  length  produced.  When  after  a  time  the  scab  is  thrown  off, 
the  epidermal  surface  beneath  it  is  already  more  or  less  com- 
pletely restored. 

If  the  papillae  and  portions  of  the  corium  have  been  destroyed 
by  the  inflammatory  process,  the  regeneration  is  apt  to  be  incom- 
plete, as  a  new  papillary  layer  is  not  reproduced,  or  at  best  in  an 


Fig.  272.    Blister  from  a  burn  in  process  of  HEAtiiMh 

(Section  through  the  skin  of  a  cat's  paw  forty-eight  hours  after  a  bum :  stained  with 
alum-carmine,  and  mounted  in  Canada  balsam :  x  25) 
a    horny  layer  d^  new-formed  horny  layer 

6    rete  Malplghii  e     old  degenerate  epidermis 

c    corium  with  sweat-gland  h  f 

d    new-formed  epidermal  cells  undergoing  g 

differentiation  into  layers  at  dj 


pus-corpuscles 
secondary  exudation 


imperfect  manner.  The  affected  part  is  indeed  covered  over  with 
epidermis,  and  the  loss  of  substance  in  the  deeper  strata  is  made 
good  by  new  connective  tissue,  but  its  surface  remains  abnormally 
smooth  and  somewhat  depressed:  in  fact  a  scar  is  left  behind. 
For  a  time  the  scar  appears  redder  than  the  surrounding  skin, 
but  in  the  end  it  usually  becomes  paler,  and  loses  even  its  normal 
proportion  of  pigment.  In  some  cases  it  is  surrounded  perma- 
nently by  a  pigmented  zone  or  areola. 

In  the  case  of  chronic  inflammations  both  atrophic  and 
hypertrophic  conditions  may  be  induced  in  the  skin. 

The  growth  of  the  epidermis  is  often  disturbed,  being  ab- 
normally diminished  or  increased,  or  morbidly  perverted  in  some 
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way.  Not  infrequently  there  is  continuous  desquamation,  the 
epidermal  cells  as  they  reach  the  surface  not  passing  through 
the  regular  stages  of  cornification,  but  simply  undergoing  desic- 
cation. 

In  conditions  of  chronic  irritation,  the  papillae  of  the  papillary 
layer  tend  to  become  hypertrophic  and  subdivide  at  their  tips, 
while  the  corium  and  subcutaneous  connective  tissue  becomes 
thickened  and  indurated.  In  other  cases  atrophy  of  these  struct- 
ures takes  place,  the  papillae  becoming  flattened  and  the  corium 
thinned.     Certain  forms  are  moreover  accompanied  by  ulceration. 

In  chronic  parasitic  inflammations,  healing  at  the  centre  of  the 
affected  spot,  while  the  morbid  process  is  advancing  at  the  pe- 
riphery, is  a  very  common  phenomenon.  In  this  way  peculiar 
ring-like  patches  with  a  normal  or  cicatrised  centre  are  produced. 

By  the  coalescence  of  several  such  radially-extending  areas, 
larger  patches  with  sinuous  or  serpentine  outlines  are  formed 
(serpiginous  inflammation). 

143.  Among  the  milder  forms  of  cutaneous  inflammation, 
indicated  mainly  by  an  erythematous  flush,  and  to  some  extent  by 
swelling,  are  a  number  of  rashes  or  ezanthems  that  are  differen- 
tiated partly  by  their  causation  and  partly  by  their  external  ap- 
pearance ;  of  these  the  following  are  the  most  important. 

The  eruption  of  measles  (morhilli,  rubeola)  appears  first  on  the 
face,  forehead,  and  temples,  and  thence  extends  over  the  occiput, 
neck,  shoulders,  and  trunk.  It  forms  red  and  yellowish-red 
patches  of  the  size  of  the  finger-nail  or  larger.  The  patches  are 
either  level  with  the  skin,  or  slightly  raised  into  papules  corre- 
sponding to  the  openings  of  the  hair-follicles  (morbilli  laeves  and 
fapulosi).  The  skin  and  subcutaneous  tissue,  especially  in  the 
face,  are  somewhat  swollen  and  oedematous.  The  patches  tend 
to  assume  a  crescentic  form,  and  sometimes  run  together  here  and 
there,  but  they  never  become  quite  confluent.  In  a  few  hours  after 
its  appearance  the  eruption  becomes  pale,  leaving  the  skin  faintly 
yellow;  and  presently  over  the  seat  of  the  exanthem  a  slight 
branny  desquamation  takes  place. 

The  eruption  of  scarlatina  appears  first  on  the  neck  and 
clavicular  region,  and  thence  extends  over  the  back  and  breast  to 
the  limbs.  At  first  it  takes  the  form  of  minute  red  dots  closely 
crowded  together,  which  cause  the  skin  to  acquire  a  diffuse  or  uni- 
form flush.  The  tint  is  at  first  pink,  afterwards  deep  red,  livid,  or 
scarlet.  The  skin  is  swollen  by  the  accompanying  infiltration. 
The  eruption  lasts  from  one  to  three  days,  and  occasionally  as  long 
as  six  or  seven ;  it  then  fades  and  leaves  the  skin  with  a  yellowish- 
brown  staining.  Afterward  the  epidermis  desquamates  in  flakes 
and  scales  of  various  sizes  :  if  the  flakes  are  large  the  desquama- 
tion is  called  membranaceous,  if  small  and  thin  it  is  furfuraceous. 
Occasionally  the  eruption  is  papular,  vesicular,  or  pemphigoid,  and 
not  infrequently  it  is  haemorrhagic   ^scarlatina  haemorrhagicd). 
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The  exudation  poured  out  into  the  connective  tissue  is  Somewhat 
rich  in  cells. 

Erythema  exsudativum  multiforme  is  a  cutaneous  affection 
which  begins  as  an  eruption  of  flat  slightly-prominent  circum- 
scribed and  scattered  spots  (^erythema  laeve)  on  the  back  of  the 
hands  and  feet  and  the  neighbouring  parts  of  the  fore-arm  and 
lower  leg.  The  spots  are  at  first  of  the  size  of  a  pin -head,  but 
presently  grow  to  that  of  a  pea.  They  are  vermilion  in  colour, 
and  turn  pale  when  pressed.  They  grow  at  the  margins,  while 
the  centre  becomes  depressed  and  cyanotic  :  the  larger  spots  may 
become  confluent.  Haemorrhages  not  infrequently  occur  at  the 
seat  of  the  eruption. 

As  the  red  margin  extends  and  the  centre  fades  we  have  ery- 
thema annulare  or  eircinatum.  If  several  rings  encroach  on  each 
other  we  have  erythema  gyratum.  A  red  spot  surrounded  by  a  pale 
zone,  and  that  by  a  red  zone,  constitutes  erythema  iris.  If  the 
eruption  becomes  papular  and  nodular  it  is  erythema  papulatum  or 
tuberculatum.  If  wheals  are  present  it  is  erythema  urtioatum  or 
lichen  urticatus.,  if  vesicles  are  formed  erythema  vesiculosum.  If 
the  formation  of  vesicles  goes  on  at  the  margin  while  the  centre 
recovers  we  have  herpes  circinatus,  characterised  therefore  by  its 
rings  of  vesicles.  If  the  vesicle  persists  in  the  centre,  it  is  herpes 
iris.  Erythema  with  large  blebs  or  bullae  is  erythema  buUosum. 
A  brown  pigmentation  usually  remains  behind  after  the  eruption 
declines.  When  vesicles  have  been  formed  scales  and  scabs  are 
left.     The  affection  lasts  from  two  to  four  weeks. 

Some  of  these  varieties  of  erythema  are  due  to  haematogenous 
infection  occurring  in  the  course  of  specific  diseases  such  as  pyae- 
mia, puerperal  fever,  endocarditis,  typhoid  fever,  and  so  on.  In 
other  cases  the  affection  is  a  primary  one,  whose  causation  is  un- 
certain, but  is  probably  referable  to  infective  or  toxic  agencies. 

Erythema  nodosum  (^dermatitis  contusiformis,  urticaria  tube- 
rosa')  is  characterised  by  the  formation  of  large  blotches  and 
rounded  nodes,  usually  on  the  lower  limbs.  The  blotches  are  but 
slightly  or  not  at  all  elevated,  and  are  bright-red  at  the  margin 
and  purple  at  the  centre.  In  two  or  three  days  they  begin  to  fade, 
passing  through  tints  of  blue,  yellow,  and  green.  Though  recovery 
is  usually  complete,  severe  forms  of  the  inflammation  are  sometimes 
met  with  which  lead  to  gangrene  of  the  skin.  The  affection  is 
probably  of  an  infective  nature. 

Traumatic  erythema  is  produced  by  many  diverse  forms  of 
irritation  of  the  skin,  mechanical,  thermal,  or  chemical.  Mechan- 
ical irritation  is  exemplified  by  the  friction  of  clothing  or  of  two 
parts  of  the  body  in  contact ;  the  effects  of  thermal  irritation  by 
burns  or  frost-bites  of  the  first  degree  ;  chemical  irritants  are  such 
as  turpentine,  mercurial  ointment,  dilute  acids,  or  the  poison  of 
insect-stings.  Cold  of  slight  intensity  gives  rise  first  to  paleness, 
and  then  to  hyperaemia  from  paralysis  of  the  vaso-motor  nerves. 
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Long-continued  but  not  excessive  congelation  produces  chilblains 
or  perniones,  which  are  red  swellings  due  to  hyperaemia  and  inflam- 
matory infiltration  of  the  skin  of  exposed  parts. 

Erythematous  rashes  occasionally  result  from  the  use  of  certain 
medicaments,  such  as  belladonna,  copaiba,  salicylic  acid,  anti- 
pyrin,  arsenic,  calomel,  chloral  hydrate,  and  quinine :  and  they 
sometimes  appear  in  diseases  of  the  nervous  system  and  in  gastro- 
intestinal disorders,  especially  in  children. 

Allied  to  exudative  erythema  are  some  of  the  circumscribed 
red  rashes  included  under  the  term  roseola.  According  to  the 
condition  with  which  it  is  associated  the  eruption  is  described 
as  roseola  rheumatica,  eholeraica,  typhosa,  aestiva,  autumnalis,  in- 
fantilis, etc. 

Pellagra  (mal  rosso,  mal  del  sole,  risipola  lombarda,  Lombardian 
leprosy)  is  a  peculiar  disorder  met  with  in  Northern  Italy,  South- 
ern France,  Spain,  and  Roumania.  It  appears  as  an  erythematous 
rash  on  the  exposed  parts  of  the  body,  especially  in  the  spring  and 
summer,  and  disappears  in  the  autumn  with  desquamation  of  the 
epidermis. 

Urticaria  or  nettle-rash  (jcnidosis')  is  a  local  eruption  of  wheals 
which  rise  and  disappear  very  suddenly.  The  flattened  centre  of 
the  wheal  is  white,  and  is  bordered  by  a  zone  of  red.  Occasion- 
ally small  vesicles  (urticaria  vesiculosa^  or  papules  {urticaria  papu- 
losa) are  formed.  The  wheal  in  some  cases  acquires  a  reddish- 
brown  pigmentation  (urticaria  pigmentosa').  The  rash  is  either 
caused  by  external  irritation,  such  as  the  stings  of  nettles,  jelly- 
iish,  fleas,  bugs,  lice,  or  gnats,  or  is  a  symptom  of  some  irritable 
condition  of  the  alimentary  canal,  or  of  the  skin  itself.  In  many 
persons  urticaria  follows  the  ingestion  of  oysters,  crayfish,  caviar, 
crabs,  sea-fish,  strawberries,  and  so  on.  Disorders  of  the  repro- 
ductive organs  are  also  capable  of  inducing  it. 
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Neusser  :  Die  Pellagra  in  Oesterreich  und  Rumanien  Vienna  1887 
Pick  :  Urticaria  pigmentosa  Prager  Z.  f.  Heilk.  ii  1881 
ScHEiBER  :  Pellagra  in  Roumania  V.  f.  Derm,  ii  1875 

ScHWiMMER  :  Erythema  multiforme  Ziemssen's  Handb.  d.  spec.  Path,  xiv  Leip- 
zig 1874-83 
WiNTERNiTZ  :    Clinical  study  of  pellagra  F.  /.  Dervi.  iii  1876  (pp.  151,  387) 

144.  Dermatitis  combustionis  erythematosa  is  caused 
when  heat  acts  on  the  skin  in  such  a  manner  as  not  to  kill  the 
tissue  but  only  to  induce  vaso-motor  paralysis  of  its  blood-vessels, 
resulting  in  congestive  hyperaemia  and  slight  exudation.  This 
is  what  is  known  as  a  burn  of  the  first  degree.  When  the  heat 
is  more  intense  the  superficial  epidermis  is  destroyed,  and  the  un- 
derlying vessels,  though  not  killed  outright,  are  so  injured  that 
copious  exudation  takes  place  from  the  papillary  layer.  The  epi- 
dermal cells  are  thereupon  more  or  less  completely  dissolved,  and 
a  unilocular  or  multilocular  vesicle  or  blister  (Fig.  271)  is  pro- 
duced. This  condition  is  spoken  of  as  dermatitis  combustionis 
bullosa,  and  constitutes  a  burn  of  the  second  degree.  Burns 
which  lead  to  sloughing  of  the  cutis  are  burns  of  the  third  de- 
gree; those  accompanied  by  charring  of  the  tissues  are  termed 
burns  of  the  fourth  degree. 

Burns  of  the  second  degree  recover,  provided  the  injured  sur- 
face escapes  septic  infection,  by  regenerative  multiplication  of  the 
epidermal  cells  (Art.  142,  Fig.  272).  Healing  in  the  case  of 
higher  degrees  of  burning  can  take  place  only  by  the  formation 
of  granulations  and  of  cicatricial  tissue. 

Severe  cold  produces  effects  similar  to  those  caused  by  exces- 
sive heat.  When  blisters  are  formed  in  frost-bite  we  speak  of  the 
inflammation  as  dermatitis  congelationis  bullosa;  and  when  the 
frozen  tissue  becomes  necrotic  and  gangrenous  the  condition  is 
described  as  congelatio  gangraenosa.  The  two  forms  usually 
occur  together.  The  dead  parts  have  at  first  a  livid  red  tint; 
later  on  they  become  dark-red  and  gangrenous,  and  are  separated 
from  the  living  tissue  by  an  inflammatory  line  of  demarcation. 

The  blisters  caused  by  cantharides  are  of  much  the  same 
character,  but  the  swelling  and  liquefaction  of  the  epidermis  are 
usually  less  sudden  and  less  extensive.  Denucleated  continuous 
masses  are  sometimes  formed  from  the  necrotic  epidermal  cells. 

145.  Miliaria  crystallina  or  sudamina  are  small  watery 
vesicles  which  sometimes  appear  in  the  course  of  puerperal  fever, 
typhoid  fever,  acute  rheumatism,  pneumonia,  etc.,  and  last  for  a 
few  days.  They  occur  chiefly  on  the  trunk.  The  eruption  is 
due  mainly  to  the  retention  of  sweat  in  the  excretory  ducts  of  the 
glands,  though  a  liquid  rich  in  cells  is  also  poured  out  into  the 
epidermis  (Fig.  273  o  d),  and  the  vesiculation  follows  the  course 
already  described  in  reference  to  the  inflammatory  process,  the 
only  difference  being  that  it  takes  place  at  the  mouth  of  a  sweat- 
gland  (c?).      Miliaria  would  thus  appear  to  be  in  reality  one  of 
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the  infective  inflammatory  rashes.  Recovery  from  the  sudaminal 
eruption  takes  place  in  a  short  time,  the  damaged  epidermis  being 
replaced  and  the  dried  remains  of  the  vesicles  cast  off. 

146..  Herpes  is  an  acute  affection  running  a  typical  course 
(Kaposi),  and  characterised  by  the  formation  of  clusters  of 
watery  vesicles  in  certain  anatomical  regions  of  the  body,  the 
vesicles  passing  through  a  definite  series  of  stages  within  a  short 
period  of  time. 

The  eruption  first  appears  as  a  group  of  minute  elevations  of 
the  skin,  which  rapidly  become  infiltrated  with  clear  serum  and 
so  form  vesicles.  The  vesicles  last  from  a  few  hours  to  one,  two, 
or  even  four  days,  and  then  dry  up  into  crusts.      Beneath  the 


Fig.  273.    Miliaria  cbystallina. 

(From  a  man  who  died  of  pneumonia:  preparation  hardened  in  Mailer's  fluid,  and 
stained  with  haematoxylin  and  eosin :  x  30) 


corium 
epidermis 


c  d 
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sudaminal  vesicle 

excretory  duct  of  a  sweat-gland 


crusts  regenerative  proliferation  of  the  epidermis  takes  place,  the 
lost  tissue  being  thus  made  good,  and  the  crusts  are  thereby 
loosened  and  cast  off. 

The  contents  of  the  mature  vesicles  consist  of  serum,  fibrinous 
coagula,  and  pus-corpuscles.  The  papillae  and  the  corium  are 
infiltrated  to  a  varying  extent  with  serous  liquid  and  leucocytes, 
and  occasionally  haemorrhages  take  place  in  them. 

According  to  their  seat  and  mode  of  origin,  five  forms  of  herpes  are  dis- 
tinguished. 

(1)  Herpes  zoster  (zona  or  shingles)  is  an  acute  eruption  of  vesicles  clus- 
tered over  the  area  supplied  by  a  cutaneous  nerve,  and  seems  to  be  dependent 
upon  some  disorder  of  the  nerves  or  of  their  centres.  It  is  almost  always  uni- 
lateral. The  contents  of  the  vesicles  remain  clear  for  three  or  four  days  : 
then  they  become  turbid  and  purulent.  Yellowish-brown  crusts  are  formed 
as  the  vesicles  dry  up.  The  associated  nervous  disorder  may  be  infective, 
toxic,  traumatic,  or  secondary  to  some  inflammation  of  the  adjacent  tissue. 
Pfeiffer  and  Wasilewski  are  of  opinion  that  the  characteristic  distribution 
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of  the  vesicles  corresponds  to  that  of  the  arteries,  not  of  the  nerves,  the  latter 
being  only  secondarily  affected. 

(2)  Herpes  labialis  or  facialis  is  an  acute  eruption  of  vesicles  on  the 
lips  or  around  the  mouth  and  nostrils.  The  vesicles  last  two  or  three  days, 
and  dry  up  under  a  crust,  without  scarring.  It  is  very  often  observed  in  con- 
nexion with  pneumonia  andintermittent  fever,  and  more  rarely  in  typhoid. 

(3)  Herpes  praeputialis  or  progenitalis  affects  the  penis,  clitoris,  or 
labia :  its  course  is  similar  to  that  of  herpes  labialis. 

(4)  Herpes  iris  and  herpes  circinatus  are  according  to  Kaposi  the 
same  as  erythema  iris  and  circinatum  (Art.  143).  The  vesicles  occur  on  the 
back  of  the  havids  or  feet  and  the  adjoining  portions  of  the  limbs,  and  form 
separate  or  concentric  circles.  The  smaller  vesicles  fade  after  eight  or  ten 
days,  by  resorption  and  drying  of  their  contents.  Balzer  (A.  de  physiol. 
1883)  found  in  the  epidermal  scales  fi-om  five  cases  of  herpes  circinatus,  in 
which  the  hairs  were  not  affected,  long  branching  double-contoured  filaments 
and  spores,  which  were  larger  than  those  of  Trichophyton  tonsurans  (Art.  161). 

(5)  Herpes  tonsurans  vesiculosus  is  a  special  form  of  tinea  (herpes) 
tonsurans  (Art.  161),  an  affection  caused  by  a  vegetable  parasite.  Circles  of 
vesicles  of  various  sizes  are  formed  by  successive  marginal  crops  starting  from 
a  centre,  the  older  vesicles  drying  up  as  new  ones  develope. 

References  on  Herpes  Zoster. 

Barensprung  :  Charite-Annalen  ix,  x,  and  xi  1861-63 

Bright  :  Connexion  with  sensory  nerves  Medical  cases  ii  London  1831 

Curschmann  and  Eisenlohr:  X).  A.f.  klin.  Med.  xxxiv  1884 

DuBLER  :  Neuritis  in  herpes  zoster  F.  Jl .  76  1879 

Kaposi:  Wien.  med.  Woch.  1874,  1875,  1877  and  1879;  Verhandl.  der  deut- 

schen  derniat.  Gesellsch.  i  Vienna  1889 ;  A.f.  Derm,  xxi  (supplement)  1889 
Lesser,  E.  :  V.  A.  86  1881  and  93  1883 
Mackenzie  :  Herpes  zoster  and  the  nerve  plexuses  of  the  limbs  Journ.  of  Path. 

I  1893  (with  references) 
Pfeipfer  :  Die  Verbreitung  des  Herpes  zoster  langs  des  Hautgebiets  der  A  rterien 

Jena  1889 
Wasilbwski  :   Herpes   zoster  u.  dessen   Einreihung   unter   die   Infectionskrank- 

heiten  Jena  1892  (with  references) 

147.  Pemphigus  or  pompholyx  (Fig.  274)  is  an  eruption 
cliaracterised  by  the  formation  of  blebs  (hullae^  upon  the  skin, 
varying  in  size  from  that  of  a  small  pea  to  that  of  a  goose's  egg. 

The  blebs  are  usually  preceded  by  red  spots  and  wheals,  over 
which  they  rise ;  but  sometimes  they  appear  on  what  seems  to  be 
unaltered  skin.  The  contents  are  at  first  clear  and  watery,  or  it 
may  be  slightly  blood-stained,  but  afterwards  they  become  turbid 
and  purulent.  The  exudation  at  length  dries  up  and  crusts  are 
formed,  under  which  the  loss  of  epidermis  is  repaired  (^pemphigus 
vulgaris). 

In  other  cases  this  regeneration  of  the  epidermis  does  not  take 
place,  and  the  separation  of  the  epidermal  covering  of  the  bleb 
from  the  underlying  strata  extends,  until  at  length  the  corium  is 
denuded  over  a  large  area  (^pemphigus  foliaceus').  When  the  blebs 
are  removed  the  exposed  surface  appears  red  and  moist,  until  a 
crust  is  formed  over  it  by  the  drying  of  the  superficial  exudation. 

In  such  cases  the  corium  is  always  more  or  less  infiltrated,  and 
sometimes  it  becomes  partially  necrotic  and  sloughs  (^pemphigus 
2l 
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diphtheriticus).     Granulations  are  then  produced,  but  they  too 

are  very  liable  to  undergo  necrosis  (Kaposi). 

^..^^„.™..  The  cause  of  the  disease 

would  usually  seem  to  be  of 
the  nature  of  an  infection. 
Demme,  Almquist,  and  oth- 
ers have  found  micrococci 
in  the  blebs.  Pemphigoid 
eruptions  have  however  been 
recorded  which  were  appar- 
ently due  to  nervous  influ- 
'     ences  (Meyer,  du  Mesnil). 

Six  main  varieties  of  pemphi- 
gus have  been  distinguished,  ac- 
cording to  their  clinical  course 
and  causation  (Kaposi,  Neu- 
mann). 

(1)  Pemphigus  acutus  is  an 
acute  affection  manifested  by  an 
eruption  of  scattered  blebs,  with 
or  without  fever.  The  blebs  last 
a  few  hours  or  days,  and  then  dry 
up  into  crusts.  When  these  fall 
off  the  corium  is  covered  with 
new  epidermis,  and  the  attack  is 
at  an  end. 

(2)  Pemphigus  chronicus  vul- 
garis is  characterised  by  the  for- 
mation of  large  tense  blebs  ac- 
companied by  a  certain  degree  of 
fever.  The  eruption  takes  place 
in  successive  crops.  According  to 
the  manner  in  which  the  blebs 
are  grouped  dermatologists  de- 
scribe the  eruption  as  pemphigus 
disseminatus  (scattered  iiTegular- 
ly),  pemphigus  confertus  (closely 
aggregated),  pemphigus  circinatus 
(in  rings),  or  pemphigus  gyratus 
and  serpiginosus  (in  sinuous  or 
serpentine  lines).  The  disease 
lasts  from  two  to  six  months,  and 
is  sometimes  fatal  (Mosler). 

(3)  Pemphigus  foliaceus  is  the 
sevei'est  form  of  the  disease.  It 
is  distinguished  by  its  progressive 
character,  and  the  imperfect  way 
in  which  new  epidermis  is  pro- 
duced. After  a  course  of  months 
or  years  the  entire  surface  of  the 
body  becomes  involved.    The  skin 

is  then  in  some  parts  dry,  brown,  and  parchment-like ;  in  others  red  and  weep- 
ing ;  in  others  again  covered  over  with  crusts,  and  fissured  in  various  ways. 

(4)   Pemphigus  vegetans  is  a  malignant  variety  which  soon  ends  fatally. 
The  skin  is  beset  withi  small-sized  blebs,  from  whose  base,  after  the  epidermal 


PiQ.  274.    Acute  pemphigus. 
{After  a  photograph  by  Demme) 
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covering  or  shell  is  removed,  rises  a  close  crop  of  gland-like,  warty,  and  button- 
shaped  excrescences.  These  are  surrounded  first  by  an  excoriated  areola,  and 
outside  this  by  serpiginous  vesicular  elevations  of  the  epidermis,  and  exude  a 
foetid  ichorous  liquid  that  presently  dries  to  a  crust.  The  eruption  begins  in 
the  skin  of  the  external  genitals,  the  inner  surface  of  the  thighs,  the  axillae, 
and  the  mucous  membrane  of  the  mouth,  and  in  the  end  extends  over  the 
entire  surface,  invading  also  the  mucous  membrane  of  the  pharynx,  larynx, 
vulva,  vagina,  and  rectum.  This  variety  of  pemphigus  vyas  formerly  looked 
upon  as  of  syphilitic  origin. 

(5)  Pemphigus  neuroticus  accompanies  certain  affections  of  the  nervous 
system. 

(6)  Pemphigus  syphiliticus  is  dealt  with  in  Art.  159. 

References  on  Pemphigus. 

Almquist  :  Pemphigus  neonatorum  Z.f.  Hygiene  x  1891 

JBdlloch:  Diplococci  in  acute  pemphigus  British  J.  of  Dermat.  1895 

Claessen:  idi&m.  Be.rl.  klin.  TTocA.  1893 

Demme  :  Pemphigus  acutus  Verhandl.  Congr.  f.  inn.  Med.  v  Wiesbaden  1886, 

and  Wien.  med.  Blatter  1886 
DU  Mesnil  :  Aetiology  of  pemphigus  vulgaris  A.f.  Derm,  xxx  1895 
Meyer:  Pemphigoid  dermatitis  with  changes  in  the  nervous  system  V.  A.  94 

1883 
MosLER :  Chronic  pemphigus  D.  med.  Woch.  1890 

Neumann:  Pemphigus  vegetans  (framboesioides)  V.f.  Derm,  xiii  1886 
Strelitz  :  Aetiology  of  pemphigus  A.f.  Kinderheilk.  xvi  1892 

148.  Eczema  is  a  skin-disease  which,  may  be  acute  or  chronic. 
The  eruption  consists  of  papules,  vesicles,  pustules,  and  crusts. 
The  skin  is  more  or  less  diffusely  reddened  and  swollen,  and  often 
desquamates  or  '  weeps,'  or  is  coyered  with  large  continuous  scabs. 

Eczema  is  usually  set  up  by  external  irritation.  When  the 
irritation  is  slight  or  the  skin  is  not  susceptible  to  its  action,  the 
eruption  consists  of  small  papules,  and  thus  eczema  papulosum  is 
the  mildest  variety.  More  intense  irritation  causes  small  vesicles 
to  arise,  and  we  have  eczema  vesiculosum ;  when  the  vesicles  dry 
up  they  are  cast  off  as  scabs.  If  the  irritation  is  still  more 
intense  or  the  skin  is  highly  susceptible,  a  considerable  extent  of 
it  becomes  painfully  swollen  and  red  (eczema  erythematosum). 
On  this  erythematous  area  vesicles  arise  whose  contents  are  at 
first  clear,  but  soon, become  purulent  (eczema  vesiculosum  et pustu- 
losumy.  When  the  upper  shell  of  the  vesicle  is  removed  (as  by 
scratching),  the  exposed  surface  pours  out  liquid,  and  is  said  to 
'weep'  (eczema  madidans").  The  epidermal  surface,  deprived  of 
its  horny  layer  by  desquamation  or  otherwise,  has  often  a  deep- 
red  tint  (eczema  rubrum~).  Yellowish  crusts  are  formed  by  the 
evaporation  of  the  sero-purulent  exudation  poured  out  on  the 
surface  (eczema  crustosum'),  and  pus  sometimes  gathers  beneath 
the  crust  (eczema  impetiginosum  or  impetiginodes').  In  other 
instances  new  epidermis  is  formed  beneath  the  crust :  when  the 
crusts  are  cast  off  the  surface  then  looks  red  and  brawny,  and 
scales  are  freely  shed  (eczema  squamosum').     As  the  disease  dis- 
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appears  the  skin  gradually  recovers  its  normal  appearance,  though 
some  slight  pigmentation  often  remains. 

An  eczematous  eruption  consisting  of  pustules  of  the  size  of  a 
small  pea,  and  drying  into  scabs,  is  often  described  as  impetigo. 
Much  larger  pustules,  drying  into  brown  scabs,  constitute 
ecthyma.  The  exciting  cause  of  the  suppuration  is  probably 
the  ordinary  pyogenic  micrococci. 

Impetigo  contagiosa  (Tilbxtry  Fox:  B.  M.  J.  1 1864)  is  a 
contagious  eczematous  eruption.  It  chiefly  attacks  ill-fed  or 
weakly  children,  and  affects  the  head  and  limbs :  vesicles  as  big 
as  a  cherry-stone  arise  on  a  reddened  base,  and  presently  dry  up 
into  yellow  crusts. 

The  inflammatory  process  in  this  affection  is  often  chronic,  and 
the  skin  is  then  beset  with  vesicles,  pustules,  crusts,  and  scabs, 
all  at  the  same  time. 

Impetigo  herpetiformis  (Hbbea  and  Kaposi)  is  a  peculiar 
febrile  affection,  with  an  eruption  of  miliary  pustules  arranged  in 
clusters  and  rings.  It  is  very  probably  a  secondary  result  of 
pyaemic  infection,  as  it  makes  its  appearance  in  the  course 
of  pyaemia. 

The  textural  changes  in  the  cutis  consist  of  serous  and  cellular 
infiltrations  of  the  connective  tissue.  The  cellular  infiltration  is 
especially  abundant  in  the  pustular  and  impetiginous  varieties, 
and  the  subcutaneous  tissues  are  often  infiltrated  in  the  same  way. 

The  liquid  effused  into  the  epidermis  contains  large  numbers 
of  leucocytes,  which  are  found  not  only  in  the  vesicles  but  also 
scattered  among  the  unaltered  epidermal  cells,  and  even  in  their 
interior.  In  many  cases  the  epidermis  perishes  outright,  and  even 
the  papillae  may  be  destroyed  when  the  inflammation  becomes 
suppurative  (^eczema  impetiginosum). 

The  after-effects  of  eczema  are  various.  The  milder  forms 
leave  no  trace  behind,  the  skin  being  restored  ad  integrum.  If  the 
papillae  in  particular  spots  have  been  injured  or  destroj^ed  they 
are  not  replaced,  and  a  cicatrix  is  then  produced.  Chronic  eczema 
gives  rise  to  pigmentation  of  the  skin,  and  to  hypertrophy  of  both 
epidermis  and  corium ;  when  the  hypertrophy  is  great  the  skin 
appears  thick  and  tough,  as  in  elephantiasis,  and  when  the  papillae 
are  likewise  enlarged  the  surface  becomes  warty  and  tuberculated. 
Hypertrophy  of  the  epidermis  being  generally  accompanied  by  the 
formation  of  plates,  scales,  and  flakes,  an  appearance  recalling  that 
of  elephantiasis  combined  with  keratosis  (Art.  164)  is  produced. 
So  long  as  the  inflammation  persists  the  hypertrophied  tissue  is 
thickly  beset  with  clusters  of  round-cells. 

References  on  Eczema  and  Impetigo. 

BocKHAKT  :  Aetiology  of  impetigo,  furunculosis,  and  sycosis  Monatsh.  f.  prakt. 

Derm.  Hamburg  1887 
Demme  :  Eczema  Jahresbericht  des  K'mderspitals  Berne  1884 
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Kaposi:  Impetigo  herpetiformis  V.f.  Derm,  xiv  1887 
DU  Mesnil  and  Marx  :  Impetigo  herpetiformis  A .  f.  Derm,  xxi  1889 
Neisser:  Pathology  of  eczema  A.f.  Derm,  (supplement)  1892 
Pavloff  :  Impeticula  capillitii  Monatsh.  f.  prakl.  Derm,  ix  Hamburg  1889 
Unna:  Impetigo  contagiosa  V.f.  Derm,  vii  1880 

149.  Small-pox  or  variola  is  a  febrile  disease  characterised 
by  the  eruption  of  papules,  vesicles,  and  pustules,  and  due  to  the 
infection  of  the  system  with  a  specific  virus.  After  a  certain 
interval  from  the  time  of  infection  the  skin,  after  the  fading  of  a 
not  infrequent  prodromal  erythema,  becomes  beset  with  hard  red 
papules  of  the  size  of  a  pin-head,  surrounded  by  a  red  areola. 
Some  of  the  papules  enlarge  and  change  into  clear  vesicles  most 
of  which  are  '  umbilicated '  or  depressed  in  the  centre.  In  two  or 
three  days  the  contents  of  the  vesicle  become  turbid,  and  the 
vesicle  changes  to  a  pustule.  At  the  same  time  the  umbilication 
usually  disappears,  and  a  zone  of  intense  hyperaemia  is  formed 
around  the  pustule.  In  three  or  four  days  it  dries  to  a  brown- 
ish scab,  and  this  in  a  few  days  more  falls  off,  leaving  behind  a 
slightly  pitted  spot,  which  may  be  red  or  white  in  colour:  in  a 
short  time  the  spot  also  disappears. 

Many  of  the  pustules  leave  behind  scar-like  pits,  which  are  at 
first  dark-red,  but  afterwards  become  white.  This  is  especially  the 
case  when,  as  not  infrequently  occurs,  haemorrhage  takes  place 
into  the  pustule  or  into  its  neighbourhood,  or  when  the  eruption 
is  so  copious  that  the  pustules  run  together  (confluent  small-pox). 
The  skin  then  appears  rough  and  tuberculated  and  is  much 
swollen.  When  the  cap  of  the  pustule  is  forced  off  by  the 
accumulating  pus  beneath,  the  suppurating  corium  is  laid  bare, 
and  parts  of  it  passing  through  the  stages  of  suppuration  or 
sloughing  and  gangrene  may  be  destroyed.  The  affected  spots 
have  a  yellow,  dirty-grey,  or  black  tinge. 

The  variety  distinguished  as  haemorrhagic  or  black  small-pox 
(variola  haemorrhagica~),  which  usually  ends  fatally,  is  remarkable 
for  the  dark-red  colour  (purpura  variolosa.  Art.  136)  which  over- 
spreads the  entire  surface  of  the  body  as  the  fever  sets  in.  Patches 
of  haemorrhage  appear,  and  speedily  enlarge.  In  other  cases  a 
multitude  of  small  hard  papules  appear  on  the  skin,  which  is 
intensely  swollen.  Haemorrhagic  patches  follow  in  from  one  to 
two  days,  and  coalesce  into  larger  ones. 

The  formation  of  the  variolous  vesicle  begins  with  swelling  up 
of  the  cells  of  the  mucous  layer  of  the  epidermis  immediately 
over  the  tips  of  the  papillae,  the  cells  coalescing  into  pale  denu- 
cleated  masses.  This  is  followed  by  solution  of  the  majority  of 
the  affected  epidermal  cells  in  the  exudation  which  at  this  stage 
is  poured  out  from  the  papillary  vessels,  while  at  the  same  time 
the  degenerative  change  is  extending  on  all  sides.  Only  small 
remnants  of  the  epidermal  tissue  withstand  solution,  and  these 
are  chiefly  shreds  or  degenerate  masses  consisting  of  denucleated 
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(or  sometimes  nucleated)  cells,  which  are  stretched  and  com- 
pressed by  the  accumulating  exudation  into  fragmentary  septa 
and  threads. 

Thus,  at  the  climax  of  the  process,  the  pock  or  vesicle  con- 
sists of  a  cavity  traversed  by  shreds  and  fibres  (Fig.  275  /), 
which  in  the  centre  reaches  to  the  horny  layer  (i),  but  towards 
its  margin  is  separated  from  the  latter  Qi^)  by  some  of  the  sur- 
face-layers of  the  epidermis.  The  floor  of  the  cavity  is  formed 
of  remnants  of  the  inter-papillary  portion  of  the  rete  Malpighii 
(^),  and  in  part  of  denuded  papillae  (A).  The  papillae  and  the 
upper  layers  of  the  cutis  are  swollen  and  beset  with  round-cells, 
and  the  liquid  contents  of  the  vesicle  already  contain  nvimerous 
pus-corpuscles  (/j)- 


Fig.  275.    Section  op  a  variolous  vesicle  becomikg  pustular. 
{Injected  preparation,  stained  with  haematoxylin :  X  25) 

the  papillae,  interspersed  with  pus-coi^ 


a  horny  layer 

b  rete  Malpighii 

d  cutis 

e  vesicle 

/  cavity  of  the  vesicle  containing  pus-cor- 
puscles at  /i 

g  remnants  of  epidermal  cells  between 


puscles 

h    papilla  infiltrated  with  leucocytes 
i     umbilication  over  the  thinnest  part  of 

the  cap  of  the  vesicle 
ij   margins  of  the  vesicle  where  the  cap 

consists  of  several  layers  of  epidermis 


As  the  vesicle  becomes  a  pustule,  the  number  of  pus-cor- 
puscles which  pass  into  the  cavity  from  the  papillary  vessels 
increases,  and  the  shreds  and  septa  break  down.  A  crust  is  thus 
formed,  and  when  resolution  takes  place  beneath  it  the  cellular 
infiltration  is  re-absorbed,  and  new  epidermis  grows  in  from  the 
margins,  where  the  cells  are  uninjured. 

When  the  destruction  of  tissue  by  the  pock  is  limited  to  the 
epidermis  no  scar  remains ;  when  the  papillae  slough  or  suppu- 
rate (A)  the  site  of  the  pock  is  permanently  marked  by  a  cica- 
tricial depression  (pock-mark  or  pit). 

The  vesicles  of  vaccinia  produced  by  vaccination  are  similar 
in  their  structure  and  course  to  the  variolous  vesicles. 

The  infective  disease  of  children  called  varicella  or  chicken- 
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pox  is  characterised  by  the  eruption  of  vesicles  of  different  sizes, 
which  appear  iipon  a  reddened  base  and  mature  very  rapidly. 
Certain  of  the  vesicles  may  resemble  very  closely  the  vesicles  of 
small-pox. 

References  on  the  Formation  of  the  Vesicles  of  Small-Pox, 

AuspiTZ  :  The  eruption  of  small-pox  Wien.  med.  Woch.  1867 

AuspiTZ  and  Basch  :  Histology  of  the  variolous  process  V.  A.  28  1863 

Babes  :  Variola  Ann.  de  I' Inst,  de  path.  Bucharest  ii  1891 

Klein  :  Minute  anatomy  of  the  epidermis  in  sheep-pox  Q.  J.  microsc.  science 

XVII  London  1877 
Tappe  :  Die  A  etiologie  und  Histologie  der  Schqfpocken  Berlin  1881 
TouTON :   Unters.  iib.  d.  Entstehung  d.  Hauiblasen  Tubingen  1882,  and  Ziegler's 

Beitrage  ii  (p.  453)  1887 
Unna  :  The  seat  of  the  eruption  in  the  epidermis  F.  ^4 .  69  1877 
Weigert  :  Anat.  Beitr.  z.  Lehre.  v.  d.  Pocken  Breslau  1874-5 

150.  Psoriasis  is  a  chronic  disease  of  the  skin  characterised 
by  the  formation  of  dry  glistening  white  scales.  These  are  piled 
upon  each  other  in  small  heaps,  or  over  larger  discoid  patches 
which  have  a  definite  red  base.  The  eruption  begins  in  minute 
brownish-red  nodules,  which  in  the  course  of  a  few  days  become 
covered  over  with  epidermal  scales.  When  the  nodules  are 
numerous  and  discrete  the  disease  is  described  as  psoriasis  punc- 
tata: where  the  patches  and  scales  are  larger  we  have  psoriasis 
guttata  and  psoriasis  nummularis.  The  larger  scales  also  rest 
upon  a  reddened  base. 

As  the  disease  passes  away  the  base  becomes  pale,  and  the 
scales  are  shed.  The  skin  may  resume  its  normal  appearance,  or 
remain  pigmented  for  a  time.  Often  the  patches  heal  in  the 
centre,  while  the  margins  are  still  advancing.  In  this  case  the 
affection  is  named  psoriasis  annularis  or  gyrata. 

Psoriasis  may  occur  at  any  spot,  but  it  chiefly  affects  the 
extensor  surfaces  of  the  knee  and  elbow,  the  scalp,  and  the 
sacral  region.  Both  the  hair  and  the  nails  may  be  destroyed 
in  the  course  of  the  disease. 

The  histological  changes  induced  by  psoriasis  relate  essentially 
to  the  epidermis,  the  papillae,  and  the  upper  strata  of  the  corium. 
The  two  latter  are  hyperaemic,  and  more  or  less  densely  infil- 
trated with  leucocytes.  When  the  disease  has  lasted  for  some 
time  hyperplasia  of  the  connective  tissue,  with  enlargement  of 
the  papillae,  is  usually  set  up.  The  morbid  process  occasionally 
extends  to  the  deeper  layers  of  the  corium  and  to  the  subcuta- 
neous connective  tissue. 

As  regards  the  epidermis,  the  cornification  of  its  surface- 
layers  is  interfered  with,  the  cells  as  they  come  to  the  surface 
appearing  simply  to  shrivel  and  dry  up,  while  the  mutual  cohe- 
sion of  the  cellular  layers  is  loosened  {parakeratosis).  The 
aetiology  of  the  disease  is  unknown. 
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References  on  Psoriasis. 

Beissel  ;  Aetiology  Monatsh.  f.  prakt.  Dermat.  v  1886 

Jamieson  :  The  histology  of  psoriasis  Edinburgh  1879,  and  Edin.  med.  Journ. 

XXIV  1879 
Kromayer  :  Morbid  anatomy  of  psoriasis  A.  f.  Derm,  xxii  1890 
Lang,  E.  :  Mycotic  origin  (Epidermidophyton)  V.  f  Derm,  v  1878,  and  Volk- 

mann's  klin.  Vortrage  no.  208  1881 
Neumaxn  :  Histology  Wien.  med.  Jahri.  1879 
Pecirka:    Histology  and  nature  of  psoriasis  A.  bohemes  de  med.  ii  1887,  and 

Monatsh.  f  prakt.  Derm,  vi  1887 
KiES,  E. :  Morbid  anatomy  of  psoriasis  V.  f.  Derm,  xv  1888 
ScHUTz  :  Pathology  of  psoriasis  A.f.  Derm.  xxivl892 
Thin  :  Histology  B.  M.  J.  1 1881 
Wolff  :  Aetiology  V.  f.  Derm,  xi  1884 

151.  Pityriasis  rubra  (Hebra),  or  general  exfoliative  der- 
matitis, is  a  peculiar  and  rare  affection  of  the  skin,  the  only 
symptoms  of  which  throughout  its  entire  course  are  redness  and 
desquamation.  The  scales  are  sometimes  small,  but  they  are 
often  of  considerable  size.  After  a  time  the  skin  becomes 
smooth,  shining,  thin,  and  tense.  The  hair  becomes  thin  and 
falls  out,  and  when  the  disease  has  lasted  for  some  years  general 
marasmus  and  death  ensue.  The  only  textural  change  discover- 
able in  recent  cases  is  a  moderate  amount  of  cellular  infiltration 
in  the  cutis  and  papillary  layer.  No  special  changes  occur  in  the 
epidermis,  apart  from  those  associated  with  desquamation.  In 
the  later  stages  a  certain  amount  of  small-celled  infiltration  is  also 
found  in  isolated  patches,  but  it  is  very  unequally  distributed. 
The  skin  is  generally  much  atrophied,  the  rete  Malpighii  being 
notably  thinned,  while  the  papillae  are  depressed  or  have 
altogether  disappeared,  and  the  corium  and  its  fibrous  bundles 
have  much  the  same  look  as  in.  senile  atrophy  (Art.  139).  The 
sebaceous  glands  and  the  hair -follicles  are  obliterated.  The  cause 
of  the  affection  is  unknown. 

Prurigo  is  a  disease  beginning  in  infancy,  and  generally  per- 
sisting throughout  life.  In  its  early  stages  it  is  characterised  by 
an  eruption  of  urticarial  wheals,  accompanied  by  severe  itching 
on  the  extensor  surface  of  the  limbs.  When  the  affection  has 
existed  for  some  time  inflammatory  nodules  are  formed,  chiefly  by 
reason  of  the  inevitable  scratching,  and  over  these  the  skin  is 
excoriated  and  often  covered  with  small  crusts.  Eczematous 
inflammation  and  erysipelas  are  apt  to  be  superinduced.  The 
cause  of  the  disease  has  not  been  discovered.  Auspitz,  H. 
Hebra,  Schwimmer,  and  others,  regard  it  as  of  neuropathic 
origin. 

Lupus  erythematosus  is  a  somewhat  rare  cutaneous  affection 
which  begins  with  an  eruption  of  one  or  more  raised  red  specks  or 
spots  varying  in  size  from  that  of  a  pin's  head  to  that  of  a  small 
pea  (Kaposi).     Each  spot  is  depressed  in  the  centre,  or  glisten- 
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ing  and  scar-like,  or  capped  with  a  thin  adherent  scale.  The 
reddened  margin  advances  gradually,  while  the  centre  cicatrises, 
and  thus  in  the  course  of  some  months  a  red-bordered  disc  is 
formed  (lupus  erythematosus  discoides').  In  other  cases  the 
disease  advances  not  by  the  growth  of  old  spots,  but  by  the 
continual  development  of  new  ones  (lupus  erythematosus  dissemi- 
natus  et  aggregatus). 

The  morbid  process  consists  in  an  inflammation  of  the  cutis, 
especially  in  the  neighbourhood  of  the  sebaceous  and  sudori- 
parous glands  (Kaposi  and  Thin).  The  epithelial  cells  of  the 
glands  themselves  multiply  by  proliferation,  the  epidermis  is 
swollen,  and  scales  or  sometimes  vesicles  are  formed  on  its  sur- 
face. In  the  later  stages  both  the  epidermal  and  the  fibrous 
constituents  of  the  skin  become  atrophied. 

The  affection  occurs  most  frequently  on  the  head,  fingers, 
toes,  knees,  and  elbows.  Its  cause  is  not  known.  The  discoid 
form  usually  recovers,  while  the  disseminated  variety  is  subject  to 
frequent  relapses. 

References  on  Pityriasis  Rubra,  Prurigo,  and  Lupus 
Erythematosus. 

Elsenbeeg:  Pityriasis  rubra  V.fi  Derm,  xiv  1887 

Gay  :  Prurigo  A .  f.  Derm,  iii  1871 

Hebra:  Pityriasis  rubra  V.f.  Derm,  iii  1876;  Die  krankh.  Verand.  der  Haul 

Brunswick  1884 
Hebra  and  Kaposi  :  Diseases  of  the  skin  iv  (New  Syd.  Soc.)  London  1878 
Jadassohn:  Pityriasis  rubral./.  Derm,  xxiii  1891,  and  xxiv  1892  (with 

references') 
Kromayer  :  Histology  of  prurigo  A  .f.  Derm,  xxii  1890 
Leloir  :  Lupus  erythematosus  A.  depliysiol.  ii  1890 
Petrini  and  Babes  :  Case  of  pityriasis  rubra  Journ.  de  I'anat.  1890 
ScHtJTz:  Microscopical  preparations  of  lupus  erythematosus  A.f.  Derm,  xxii 

1890 
Taylor  and  van  Gibson  :  Observations  on  prurigo  clin.  and  pathol.  New  York 

Med.  Journ.  1891 
Thin  :  Pathology  of  lupus  erythematosus  Med.-chir.  Trans,  lviii  London  1874 

152.  Lichen  (according  to  Hebra  and  Kaposi)  is  an  erup- 
tion of  papules  which  remain  as  such  and  do  not  pass  into  any 
higher  form. 

Lichen  scrofulosorum  (serofulodermia  miliare,  Neissbe)  is  a 
chronic  cutaneous  affection  in  which  pink  or  brownish-red  flat- 
tened papules  are  formed,  each  capped  with  a  small  scale.  The 
condition  is  met  with  chiefly  in  tuberculous  patients,  and  usually 
affects  the  trunk.  According  to  Kaposi  the  morbid  process  con- 
sists in  cellular  infiltration  and  exudation  in  and  around  the  hair- 
follicles  and  the  sebaceous  glands  belonging  thereto,  and  in  the 
neighbouring  papillae.  Jacobi  maintains  that  the  affection  is  a 
tuberculous  disease  of  the  skin. 

Lichen  ruber  acuminatus,  according  to  Kaposi,  is  characterised 
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by  the  appearance  of  scattered  hard  red  miliary  nodules,  each 
capped  with  a  little  knot  of  epidermal  cells,  and  tending  to 
coalesce  into  diffuse  red  scaly  patches.  These  increase  in  size  by 
marginal  extension,  and  in  the  course  of  years  may  spread  over 
the  entire  surface  of  the  body.  On  histological  examination  cel- 
lular infiltration  can  be  detected  in  the  papillary  layer,  and  round 
about  the  vessels  of  the  corium  and  the  coiled  tubules  of  the 
sweat-glands.  On  these  changes  supervenes  some  hypertrophy 
of  the  epidermis.  Lassae  affirms  that  the  disease  is  due  to  a 
bacillus. 

In  lichen  ruber  planus  the  papiiles  are  flattened  and  umbili- 
cated.  They  have  a  lustre  like  that  of  wax,  they  do  not  desqua- 
mate, and  they  are  either  red  or  pale  in  tint.  In  the  later  stages 
the  papillae  underneath  the  thickened  epidermis  become  atrophied. 

References  on  Lichen. 

Bendek  :  Lichen  ruber  D.  med.  Woch.  1887 

Caspary:  Lichen  ruber  V.f.  Derm,  xv  1888 

Jacobi  :  Pathogenesis  of  lichen  scrofulosorum  Verhandl.  der  deutschen  dermatol. 

Gesellsch.  Vienna  1892 
Kaposi:  A.f.  Derm,  xxi  1889 

Lukasiewicz:  Lichen  scrofulosorum  A.f.  Derm,  xxvi  1894 
Neissek  :  The  present  position  of  the  lichen-question  A.f.  Derm,  xxviii  1894 
Neumann:  Lichen  ruber  and  pityriasis  pilaris  A.f.  Derm,  xxiv  1892 
PospELOw:  Lichen  ruber  planus  A.f.  Derm,  xii  1885 
RoNA  :  Lichen  ruber  Monatsh.  f.  prakt.  Derm,  vii  Hamburg  1888 
Taylor  :  Lichen  ruber  New  York  Med.  Journ.  1889 
ToROK :  Histology  of  lichen  planus  Ziegler's  Beitrdge  viii  1890 
TouTON :  Lichen  ruber  planus  Berl.  klin.  Woch.  1886 

153.  Erysipelas  is  an  acute  inflammation  of  the  integument 
caused  by  a  streptococcus  (Fig.  276  a),  which  enters  the  skin  by 
means  of  small  wounds,  and  spreads  chiefly  by  way  of  the 
lymphatic  system  (Fig.  276  a  b  and  Fig.  277  h  i).  Occasionally 
the  micrococci  penetrate  from  the  lymph-vessels  to  the  circum- 


FiG.  276.    Colony  of  Streptococcus  erysipelatis. 

{Preparation  from  the  ear  of  a  rabbit  two  days  after  inoculation  with  the  streptococcus: 
stained  with  gentian^violet,  and  mounted  in  Canada  balsam :  x  250) 

d   vein 

circumvenous  cellular  infiltration 


streptococci  within  the  lymph-vessel  b, 
grouped  partly  in  globular  masses 
and  partly  in  chaplets  like  torulae 

tissue  surrounding  the  lymph-vessel, 
with  pale  non-staining  nuclei 


/  cells  within  a  lymph-vessel 
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jacent  tissues.    Degeneration  (Fig.  276  c)  and  inflammation 
276  d  e  and  Fig.   277  m  mj)  are  induced  wherever  the 
organisms  settle  and  multiply,  though  the  degeneration  is 
extensive  (Fig.  277  I Z^). 

Clinically  the  affection  takes  the  form  of  gradually-exti 
redness  and  swelling  of  the  skin,  accompanied  by  fever, 
early  stages  the  skin  appears  tense  and  shining  and  of  a 
red  tint.     Presently  it  becomes  more  livid  or  brown,  the  s\ 
goes  down,  and  the  epidermis  is  thrown  off  in  scales  and  fla 

Sometimes  the  exudation  is  more  copious  and  tends  1 
the  surface,  in  which  case  vesicles  (Fig.  277  e)  and  ble 
formed,  and  the  eruption  is  described  as  erysipelas  vesic 
or  buUosum.     When  the  contents  of  the  vesicles  become  pi 


Canada  balsam 
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b    corium  d    roof  of  the  bleb 

e    vacuolated  epidermal  cell  k 

f    swollen  cell  and  nucleus 
g  (/i  cavities  produced  by  solution  of  epi- 
dermal cells,  containing  detritus  of 
cells  and  pus-corpuscles 
h    lymph-vessel  partly  filled  with  strep- 
tococci 


X  60) 

i    lymph-vessel   completely    fil 

streptococci 
k    streptococci  in  the  substanc 

tissue 
li  necrotic  tissue 
m  cellular  infiltration 
rrti  fibrino-cellular  infiltration 
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we  have  erysipelas  pustulosum,  which  as  the  papules  dry  t; 
scabs  passes  into  erysipelas  crustosum ;  or  if  portions  of  tl 
become  necrotic  (I  l-^  and  gangrenous,  into  erysipelas  gat 
osum. 

The  histological  change,  other  than  the  inflammatory 
aemia,  consists  of  more  or  less  abundant  cellular  and 
(Fig.  277  TTi)  or  cellular  and   fibrinous  (mj)  infiltration 
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skin.  The  blebs  are  formed  by  the  swelling,  (e/),  liquefaction, 
and  disintegration  of  the  cells  of  the  rete  Malpighii  Cff  ffi)-  As 
the  liquefaction  commences  at  various  points  within  the  bleb, 
the  cavities  (^  ^j)  first  formed  are  small,  and   separated   from 

each  other  by  cellular  shreds  that 
are  elongated  and  distorted  in 
various  ways. 

Phlegmon  or  phlegmonous 
inflammation  of  the  skin  (some- 
times called  cellulitis)  is  usually 
caused  by  the  Streptococcus  pyo- 
genes. Its  favourite  seat  is  in 
the  subcutaneous  tissue  (Fig. 
278  d~)  whence  it  extends  towards 
the  surface,  and  issues  in  sup- 
puration. The  corium  is  more 
or  less  densely  infiltrated  with 
cells  (e).  When  the  skin  becomes 
swollen  by  the  accompanying 
oedema  the  epidermis  at  certain 
points  is  sometimes  raised  en 
masse,  and  sub-epidermal  bullae 
(/)  are  thus  produced. 

Phlegmonous  inflammation 
involving  the  fingers  is  spoken 
of  as  'whitlo^iv  or  felon  (^panar- 
itium cutaneum  and  subcutaneum, 
or  paronychia  tendinosa'). 

Where  the  epidermis  is  thin, 
the  skin  is  usually  reddened  and 
often  shining,  especially  when 
the  corium  is  the  seat  of  the  in- 
flammation, the  process  thus  re- 
sembling erysipelas  in  its  general 
course  and  appearance. 

In  mild  cases  the  phlegmonous 
inflammation  undergoes  resolu- 
tion and  the  exudation  is  ab- 
sorbed ;  but  as  a  rule  suppura- 
tion takes  place  at  some  points, 
and  gangrenous  necrosis  of  the 
skin  itself,  or  of  underlying 
structures  such  as  fasciae,  is  not 
uncommon.  Superficial  or  deep 
abscesses  containing  necrotic 
shreds  and  sloughs,  and  sometimes  foetid  pus,  are  thus  produced, 
and  these  by  and  by  rupture  outwards.  By  direct  extension  the 
destructive  process  may  extend  laterally  and  vertically,  and  ulti- 


FiG.  278.  Phlegmon  of  the  subcu- 
taneous TISSUE,  WITH  AN  OEDEMA- 
TOUS    BULLA. 

{Preparation  hardened  in  Mailer's  fluid, 
stained  with  haematoxylin  and  eosin, 
and  mounted  in  Canada  balsam: 
X  30) 

a    corium  6    epidermis 

c    inflamed  and  infiltrated  adipose  layer 
d    collection  of  pus 
e    cellular  infiltration  of  the  corium 
sub-epidermal  oedematous  bulla 


/ 


ART.   154]  ACNE   AND   BOILS  525 

mately  lead  to  lymphangitis,  lymphadenitis,  and  pyaemia.  In 
favourable  cases  however  the  purulent  infiltration  and  suppura- 
tion are  limited  by  the  development  of  granulations  and  cicatri- 
cial tissue  in  the  wall  of  the  abscess.  Evacuation  of  the  abscess 
is  followed  by  extrusion  of  the  dead  tissue,  the  infiltration  per- 
vading the  living  tissue  is  re-absorbed,  and  cicatrisation  takes 
place. 

154.  Acne  is  the  general  name  given  to  localised  inflamma- 
tions surrounding  the  hair-follicles  and  the  associated  sebaceous 
glands.  It  gives  rise  to  small  red  nodules  or  pimples,  in  which 
may  be  noticed  the  dark  head  of  a  comedo,  or  a  minute  collection 
of  pus. 

The  tissue  around  the  hair-follicle  and  sebaceous  gland  may 
be  simply  hyperaemic  and  infiltrated  with  cells,  or  it  may  undergo 
partial  suppuration,  and  according  to  the  variations  in  the  severity 
of  the  process  the  forms  acne  indurata,  acne  punctata,  and  acne 
pustulosa  are  distinguished-.  Ultimately  however  the  sebaceous 
gland,  and  sometimes  the  hair-follicle  also,  are  destroyed  by  sup- 
puration. 

Acne  mentagra  (^sycosis  simplex  ov  folliculitis  barbae^  is  a  sup- 
purative inflammation  of  the  hair-follicle  and  the  tissue  about  it. 
It  gives  rise  to  papules  and  pustules,  many  of  which'  are  perfo- 
rated by  hairs.  The  parts  affected  are  those  adjacent  to  the  hairy 
portions  of  the  body,  especially  the  beard. 

'Parasitic  sycosis  resembles  acne  mentagra -in  its  appearance, 
but  it  is  said  to  be  due  to  the  invasion  of  a  filamentous  or  mycelial 
fungus  (Art.  161). 

Boils  or  fnrunculi  are  due  to  inflammation  of  the  tissue  sur- 
rounding a  sebaceous  gland,  hair-follicle,  or  sweat-gland,  being 
distinguished  from  the  pimples  or  pustules  of  acne  by  the  much 
greater  extent  and  intensity  of  the  inflammation.  A  hard  some- 
what large  dark-red  swelling  is  at  first  produced,  and  this  pres- 
ently encloses  in  its  centre  a  '  core '  or  slough  of  necrosed  tissue  : 
as  the  tissue  around  it  suppurates  the  core  is  loosened,  and  ulti- 
mately cast  off  when  the  boil  'breaks.' 

Carbuncle  or  simple  anthrax  resembles  a  boil  in  many  re- 
spects ;  but  it  extends  over  a  greater  area,  and  gives  rise  to  a  firm 
livid  swelling  which  may  reach  the  size  of  the  palm  of  the  hand  or 
more.  The  affected  skin  usually  necroses,  and  is  transformed  into 
a  dark  livid  pulp  or  a  continuous  slough.  Necrosis  and  suppuration 
also  ensue  in  the  deeper  portions  of  the  tissue,  the  pus  breaking 
through  at  various  points.  The  sloughing  mass  is  ultimately  loos- 
ened and  cast  off,  and  an  open  granulating  wound  is  left. 

The  pus  from  the  pimples  of  acne,  boils,  and  carbuncles  usually 
contain  staphylococci. 

Small  pustular  abscesses  resembling  those  of  acne  may  develops  around  the 
sweat-glands :   the  process  is  sometimes  referred  to  as  hidroadenitis.      See 
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Vernedil:  Phlegmonous  hidvoadenitis  A.  gen.  de  mdd.  1864;  Pollitzer  : 
Suppurative  hidroadenitis  Monatsh.  f.  prakt.  Derm.  Hamburg  1892  ;  Petersen  : 
Affections  of  the  sweat-glands  A.  f.  Derm,  xxv  1893  ;  Dubredilh  :  Suppuiar 
tive  hidroadenitis  A.  de  me'd.  exp.  v  1893. 

155.  Malignant  pustule  or  specific  anthra::  is  a  cutaneous 
affection  caused  by  the  invasion  of  the  Bacillus  anthracis,  and  ap- 
pears from  one  to  fourteen  days  after  infection.     The  infection 


zy 


Fig.  279.    Malignant  pustule. 

(Pustule  ten  days  old  from  the  arm  of  a  man :  preparation  hardened  in  alcohol,  stained 
with  gentian-violet,  iodine,  and  vesuvin,  and  mounted  in  Canada  balsam  :  x  35) 

a    epidermis  e  deeper  layers  of  the  corium  traversed 

6    corium  by  strings  of  cells 

c    oedematous  and  swollen  papillae  infil-  /  corium  containing  bacilli  and  leucocytes 

trated  with  inflammatory  exudation  g  blood-stained  exudation  on  the  surface, 

and  containing  bacilli  containing  bacilli 

d    surface  of  the  corium  infiltrated  with  h  hair-follicle 

cells  and  containing  bacilli  i  coiled  tubules  of  sweat-glands 


starts  in  some  sliglat  wound,  such  as  the  sting  of  an  insect.  In 
most  cases  at  the  seat  of  inoculation  a  boil  is  formed,  varying  from 
six  millimetres  to  several  centimetres  in  diameter,  and  rising 
above  the  surface  as  a  rounded  or  flattened  swelling  (Fig.  279). 
It  is  red  or  yellowish-red  in  colour,  and  after  a  time  vesicles  are 
often  formed  on  its  surface,  and  a  clear  or  blood-stained  liquid  {g) 
may  exude  when  the  epidermis  is  partially  exfoliated.     As  the 
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exudation  dries  crusts  are  formed,  and  these,  if  tliey  lie'  over  the 
centre  of  the  swelling,  occasionally  cause  it  to  appear  depressed 
or  umbilicated,  the  margin  rising  like  a  rampart  round  the  boil. 
The  tissue  adjoining  the  pustule  is  in  some  cases  but  slightly 
altered,  in  others  it  is  reddened  and  swollen  or  studded  with  small 
yellowish  or  livid  vesicles  (Koch).  When  the  process  remains 
local  the  pustule  becomes  a  gangrenous  slough  and  is  cast  off,  but 
if  general  infection  by  way  of  the  blood  takes  place  the  affection  is 
fatal.  In  rare  cases  local  inoculation  is  followed  at  once  by  intense 
and  wide-spread  oedematous  swelling,  no  pustule  or  other  circum- 
scribed elevation  being  formed. 

Within  a  mature  pustule  of  anthrax  (Fig.  279)  the  papillary 
layer  and  the  corium  are  beset  with  bacilli  (c  df)  and  infiltrated 
with  cellular  (c?/)  and  serous  (c)  exudations.  The  liquid  exu- 
dation, containing  blood  and  bacilli,  is  found  chiefly  about  the 
papillary  layer  (c),  and  as  the  epidermis  exfoliates  transudes  to 
the  surface;  the  cellular  infiltration  (c?)  is  densest  in  the  deeper 
layers.  When  vesicles  are  formed  the  epidermis  over  the  oede- 
matous and  swollen  papillae  is  raised  by  the  exudation. 

In  very  rare  cases  (Weigbet,  Waldeyek)  the  bacilli  are 
conveyed  from  the  pustule  to  other  parts  of  the  skin,  and  give 
rise  to  red  spots,  papules,  and  vesicles. 

Inflammations  of  the  skin  resembling  that  due  to  anthrax  are 
occasionally  set  up  by  the  invasion  of  pyogenic  micrococci,  the 
affection  starting  from  some  small  wound  of  the  surface. 

Hospital  gangrene  or  phagedaena  {gangraena  nosocomi- 
alis)  is  a  traumatic  infective  disease  which  may  attack  any 
wound,  but  is  most  apt  to  occur  in  connexion  with  minor  surface 
wounds,  like  those  due  to  cupping  or  leech-bites.  The  infected 
wound  assumes  a  dirty-yellow  or  grey  tint  and  becomes  gangre- 
nous. When  it  contains  granulations  they  become  discoloured 
and  change  into  a  yellowish  creamy  pulp  which  speedily  breaks 
down  and  liquefies,  and  the  wound  secretes  a  putrid  serous  or 
sanious  liquid. 

Decubital  gangrene,  or  gangrenous  bed-sore,  is  a  progressive 
gangrenous  necrosis  of  the  integument,  which  occurs  in  emaciated 
patients  whose  circulation  is  enfeebled  by  oligaemia  and  cardiac 
weakness.  Slight  pressure  is  therefore  enough  to  cause  necrosis 
of  the  skin.  The  affected  parts  are  livid  or  black,  and  under  the 
influence  of  septic  micro-organisms  become  putrid  and  break 
down.  The  commonest  sites  of  such  bed-sores  are  over  the 
sacrum,  great  trochanters,  and  heels.  They  are  often  not  limited 
to  the  skin,  but  extend  to  the  deeper  soft  parts  and  even  to  the 
bones. 

Perforating  ulcer  of  the  foot  (malum  perforans  pedis)  is 
a  peculiar  affection  of  the  foot  which  begins  with  the  formation 
of  an  induration,  beneath  which  a  deeply  penetrating  ulcer  is 
rapidly  produced,  at   whose   base   even   the   bone   may   become 
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inflamed  and  necrotic.  Many  writers  (Duplay,  Mobat, 
ScHWiMMBK,  PiTEES,  Vaillakd)  regard  the  affection  as  a  tro- 
pho-neurotic  form  of  inflammation.  It  is  however  beyond  doubt 
that  simple  mechanical  injury,  from  pressure,  friction,  etc.,  is  cap- 
able of  producing,  it,  and  accordingly  it  occurs  most  frequently 
in  parts  that  are  subjected  to  pressure.  The  supervention  of 
ulceration  is  favoured  by  the  deficient  nutrition  of  the  tissues  of 
the  foot  resulting  from  sclerosis  and  atheroma  of  its  arteries,  or 
it  may  be  in  certain  cases  from  disorder  of  its  innervation. 

Tropical  ulcer,  Penjdeh  boil,  or  oriental  sore  (Heydenreich  :  Das 
Pende'sche  Geschwilr  St  Petersburg  1888,  reviewed  in  Centralhl.  f.  Bahteriologie 
V  1889),  is  a  cutaneous  affection  that  under  various  local  names  is  endemic  in 
sub-tropical  countries.  It  begins  as  an  eruption  of  single  or  multiple  papules 
and  pustules,  ■which  break  down  into  ulcers  varying  in  size  from  that  of  a  pea 
to  that  of  a  plum,  or  even  larger.  They  usually  heal,  leaving  behind  a  super- 
ficial scar.  According  to  Heydexreich,  the  exciting  cause  is  a  capsulated 
micrococcus. 

Ainhum  (da  Silva  Lima  :  Arch,  of  Derm,  vi  1888)  is  a  peculiar  disease 
of  the  toes  to  which  negroes  of  African  descent  are  liable.  An  encircling  con- 
striction appears  at  the  level  of  the  digito-plantar  fold  of  the  fifth  or  some- 
times of  the  fourth  toe,  while  the  toe  itself  swells,  and  after  a  tim.e  its  surface 
becomes  raw  and  scaly.  Ultimately  the  toe  drops  off  by  spontaneous  amputa- 
tion.    The  cause  of  the  disease  is  unknown. 


References  on  Perforating  Ulcer  of  the  Foot  and  Grangrene  of 

the  Skin. 

DouTRELEPONT :   Acute  multiple  gangrene  of  the  skin  A.  f.  Derm,  xiii  1886, 

A .  f.  Derm,  xxil  1890 
Duplay  :  Perforating  ulcer  Arch.  gen.  de  me'd.  i  1873,  and  Journ.  de  me'd.  et 

chir.  prat.  46  1875 
Fisher  :  idem  A.f.  Tdin.  Chir.  xviii  1875 

Lagrange  :  Multiple  origin  of  perforating  ulcer  Semaine  me'd.  no.  48  1886 
Morat  and  Ddplay:  A.  gen.  de  me'd.  1 1873 
Pitres  and  Vaillard  :  Nervous  changes  in  perforating  ulcer  A.  de  physiol.  v 

1885 
Savory  and  Butlin  :  Perforating  ulcer  Med.-chir.  Trans,  lxii  London  1879 

(with  references) 
Schwimmer:  Chronic  skin  affections  Ziemssen's  Handh.  d.  spec.  Path,  xiv 

156.  Ulcers  of  the  skin.  A  cutaneous  ulcer  is  an  open 
woimd  involving  loss  of  substance  in  the  cutis,  the  tissues  of  its 
floor  and  margins  being  infiltrated  with  inflammatory  products 
and  undergoing  progressive  molecular  disintegration. 

Ulcers  are  the  result  of  necrosis  befalling  a  portion  of  skin 
which  has  been  previously  infiltrated  with  inflammatory  products. 
The  progressive  disintegration  of  tissue  and  the  consequent  en- 
largement of  the  ulcer  depend  either  on  some  morbid  predispo- 
sition in  the  tissue  itself,  or  on  the  nature  and  mode  of  action  of 
the  injurious  agent  which  sets  up  the  inflammation.  Examples 
of  both  these  varieties  of  ulcer  have  been  described  in  the  pre- 


ART.   156]  SOFT   CHANCKE  529 

ceding  paragraphs,  and  will  have  again  to  be  considered  under 
the  heads  of  tuberculosis,  leprosy,  and  syphilis.  Two  special 
forms  of  ulceration  of  the  skin  must  however  be  here  referred 
to  —  the  varicose  and  the  venereal. 

The  varicose  ulcer  is  primarily  due  to  local  venous  engorge- 
ment, leading  to  dilatation  of  the  cutaneous  veins  and  oedema- 
tous  infiltration  of  the  tissues.  The  engorged  skin  becomes  very 
susceptible  to  injury,  comparatively  slight  scratches  and  wounds 
sufficing  to  induce  cellular  infiltration,  suppuration,  and  necrosis. 
Ulcers  are  thus  produced  which,  though  they  granulate  readily, 
do  not  heal  so  long  as  the  exciting  cause  persists.  Not  only  does 
the  granulating  surface  fail  to  '  skin  over,'  but  it  often  continues 
to  extend  more  and  more  widely,  till  in  some  cases  it  reaches  an 
enormous  size. 

The  surrounding  fibrous  tissue  becomes  thickened  in  conse- 
quence of  the  long-standing  oedema  and  the  formation  of  new 
connective  tissue,  and  so  assumes  a  brawny  or  callous  appearance. 
The  granulations  exhibit  no  special  characters  when  examined 
tinder  the  microscope,  and  may  be  either  scanty  or  exuberant 
('proud  flesh'). 

The  epidermis  bordering  on  the  granulations,  and  covering 
them  over  along  a  narrow  marginal  zone,  often  thrusts  in  pro- 
longations and  offshoots  into  the  midst  of  them,  but  does  not 
advance  in  the  normal  manner  over  their  surface.  The  tissues 
around  and  underlying  the  ulcer  usually  exhibit  changes  due  to 
persistent  engorgement,  such  as  cyanotic  discoloration,  desquama- 
tion of  the  epidermis,  dilated  veins,  oedematous  infiltration,  etc. 
The  most  common  site  of  these  ulcers  is  on  the  leg. 

The  venereal  ulcer  or  soft  chancre  (chancroid,  ulcus  molle) 
is  a  contagious  local  affection  of  venereal  origin,  and  therefore 
usually  situated  on  the  genitals.  It  begins  some  twenty-four 
hours  after  infection  as  a  vesicle  or  pustule,  which  rapidly  becomes 
an  ulcer  with  a  yellowish  base  and  a  reddened  border.  It  extends 
by  the  progressive  molecular  disintegration  of  the  marginal  tissue. 
The  edges  and  floor  of  the  ulcer  are  very  thickly  infiltrated  with 
cells,  and  these  as  they  near  the  surface  pass  through  successive 
stages  of  degeneration  and  decay,  and  at  length  form  a  superficial 
layer  of  structureless  detritus.  A  soft  chancre  may  give  rise  to 
lymphangitis  and  lymphadenitis  (bubo),  but  not  to  syphilitic  in- 
fection. According  to  Kebpting,  Duceby,  Peteesen,  Mbemel, 
and  Spietsch:^-,  it  is  probable  that  the  soft  chancre  is  due  to  a 
bacillus,  though  it  also  contains  pyogenic  micrococci,  and  non- 
syphilitic  bubos  seem  indeed  to  be  mainly  due  to  these  latter 
organisms. 

When  a  patient  is  infected  simultaneously  with  the  venereal 
poison  of  soft  chancre  and  with  syphilis,  the  base  of  the  soft 
chancre  becomes  indurated  in  the  third  or  fourth  week  after  infec- 
tion, and  the  soft  chancre  is  thus  converted  into  a  hard  chancre 
2m 
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(ulcus  induratum).  If  the  soft  chancre  has  by  this  time  already 
healed,  the  induration  characteristic  of  syphilis  appears  in  the 
cicatrix. 

References  on  Soft  Chancre. 

Bender:  Cent./.  Bakteriologie  m  1888 

Ddcrey  :  Experimental  researches  Monatsh.  f.  prakt.  Derm,  ix  Hamburg  1889, 

and  Compte  rendu  du  congr.  internat.  de  dermatologie  Paris  1890. 
Finger  :  Diilerentiation  from  the  initial  sclerosis  of  syphilis  V.  f.  Derm.  1885 
Kkepting  :  Bacteriology  of  ulcus  molle  A./.  Derm.  1892 
Lang  :  Das  venerische  Geschwiir  Wiesbaden  1887 
Mekmel  :  The  microbe  of  soft  chancre  A.  gen.  de  med.  1893 
Petersen  :  Bacilli  of  ulcus  molle  Cent.  f.  Bakteriologie  xiii,  and  A .  f.  Derm. 

XXIX  1894 
Spietschka:  Aetiology  of  venereal  bubo  A.f.  Derm,  xxviii  1894 

157.  The  granulomata  affecting  the  skin  are  chiefly  due  to 
known  infections,  such  as  tuberculosis,  syphilis,  leprosy,  and  rhi- 
noscleroma,  though  forms  are  occasionally  met  with  whose  cause 
is  unknown.  Some  of  these  develope  in  connexion  with  trau- 
matic injuries,  others  without  any  apparent  external  cause. 

Traumatic  granulomata  start  from  various  kinds  of  wounds, 
often  of  a  trifling  character,  and  take  the  form  of  papillomatous 
or  fungating  soft  red  growths,  composed  of  granulation-tissue 
abounding  in  vessels  and  cells.  Whether  the  growths  are  due -to 
something  special  in  the  mode  of  irritation,  or  in  the  tissue  itself, 
is  not  known.  In  adults  they  are  commonest  about  the  head:  in 
new-born  infants  they  not  infrequently  develope  in  the  course  of 
the  first  week  about  the  umbilical  stump,  where  they  appear  as 
small  deep-red  nodules  which  are  sometimes  as  large  as  a  pea. 
According  to  Kustner  these  growths  in  rare  cases  enclose  gland- 
ular tubules,  similar  in  structure  to  those  of  the  intestine,  and 
probably  derived  from  remnants  of  the  omphalo-mesenteric  duct. 

Papillomatous  dermatitis  of  the  scalp  (Kaposi)  or  sycosis 
framboesiformis  (Hebea)  is  a  granulomatous  growth  giving  rise 
to  firm  red  superficial  tuberous  and  raspberry-like  excrescences 
(^framboesia  non-syphilitiea),  that  are  usually  well  covered  with 
epidermis,  though  here  and  there  they  are  moist  or  encrusted  with 
scabs.  They  are  seated  most  frequently  on  the  back  of  the  head 
and  neck,  and  measure  from  0-5  to  3  centimetres  across  at  the 
base ;  when  numerous  they  sometimes  become  confluent.  The 
exciting  cause  is  unknown.  In  histological  structure  they  re- 
semble tropical  framboesia  or  yaws,  an  endemic  contagious  dis- 
ease of  the  skin  prevalent  on  the  western  coast  of  Africa,  in 
Senegal,  on  the  Congo,  in  the  Malay  Archipelago,  and  in  South 
America. 

Granuloma  fungoides  (mycosis  fungoides  (Alibert)  or  papil- 
loma areo-elevaturn)  is  a  peculiar  and  rare  cutaneous  affection, 
taking   the   form   of   weeping   and   scaly   eczematoid   infiltrated 
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patches  as  large  as  the  hand,  or  of  papillomatous  and  nodular 
granulomatous  growths  from  the  size  of  a  pea  to  that  of  a  pigeon's 
egg.  The  growths  may  appear  on  any  part  of  the  body,  and 
undergo  ulceration,  or  heal  up  leaving  patches  of  pigmentation. 
They  are  sometimes  associated  with  swellings  of  the  lymph-glands. 
The  affection  is  accompanied  by  itching  of  the  skin,  and  after  a 
duration  of  some  years  it  terminates  fatally  from  general  maras- 
mus.    Its  aetiology  is  unknown. 

.Rhinoscleroma  is  a  rare  tumour-like  granuloma  due  to  a 
specific  bacillus :  it  affects  the  skin  of  the  nose,  the  fauces,  and 
the  larynx.  On  the  nose  it  forms  hard  greyish-red  nodes  covered 
with  normal  epidermis ;  in  the  mucous  membrane  of  the  naso- 
pharynx and  larynx  the  growths  are  flat,  becoming  puckered  and 
shrunken  as  they  cicatrise.  The  nodes  are  composed  of  highly- 
cellular  granulation-tissue,  extending  into  the  adjacent  structures 
in  the  form  of  rounded  or  elongated  offshoots.  In  some  places 
the  tissue  contains  vacuolated  cells  and  hyaline  bodies. 

References  on  Rhino  scleroma  and  its  Bacillus. 

Alvarez  :  Pathology  of  rhinoscleroma  A .  de  physiol.  vii  1886 
Bender  :  Report  on  its  aetiology  Cent./.  Bakteriologie  1 1887 
CiiiARi :  Laryngeal  stenosis  etc.  Wien.  med.  Jdhrb.  1882,  Prager  Z.f.  Heilh.  vi 

1885 
CoRNiL :  Lefons  professe'es  pendant  I'annee  1883-84  Paris  1885  (1st  half-year), 

and  Journ.  d.  connaissances  med.  viii  1886 
CoRNiL  and  Alvarez  :  History  A.  de  physiol.  vi  1885 
DiTTRicH :  Rhinoscleroma  Prager  Z.  f.  Heilk.  viii  1887 ;  Aetiology  Cent.  f. 

Bakteriologie  v  1889 
VON  Frisch  :  Aetiology  Wien.  med.  Woch.  xxxii  1882 
Jaffinger  :  Das  Sklerom  d.  Schleimhaut  d.  Nose  etc.  Vienna  1892 
Kobner:   Vereinf.  inn.  Med.  Berlin  1885 
Lang:  Rhinoscleroma  Wien.  med.  Woch.  xxxiii  1883 
MiBELLi:  Histology  Monatsh.  f.  prakt.  Derm,  viii  1889 
Mikulicz  :  Rhinoscleroma  A.f.  klin.  Chir.  xx  1876 
NiKiFOROFF  :  idem  A.  f.  exp.  Path,  xxiv  1888 
Paltauf  :  Aetiology  Wien.  klin.  Woch.  1891,  1892 
Pawlowsky:  Aetiology  Cent.f.  allg.  Path.  l  (p.  601) 
Payne  and  Semon  :  Case  Trans.  Path.  Sac.  xxxvi  London  1884 
Pellizzari  :  11  rinoscleroma  Florence  1883 
Stepanow:  Inoculation  experiments  Cent.  f.  Bakteriologie  v  1889;  Aetiology 

Monatsschr.  f.  Ohrenheilk.  1893 
Wolkowitsch:  Histology  and  parasitic  origin  Cent.f.  med.  Wiss.  xxiv  1886; 

Rhinoscleroma  A .  f.  klin.  Chir.  xxxviii  1889 
Zagari  ;  Aetiological  researches  Giorn.  internaz.  d.  scienze  med.  xi  Naples  1889 

References  on  Grranujloma  Fungoides. 

Alibert  :  Monographic  des  dermatoses  Paris  1835 
AuspiTZ,  HoCHSiNGER,  and  ScHiFF :   V.  f.  Derm.  1885 
DoNiTZ  and  Lassar:  Mycosis  fungoides  V.  A.  116  1889" 
Duhring:  Fungoid  neoplasm  Arch,  of  Derm,  v  Philadelphia  1879 
Geber  :  D.  A.f  klin.  Med.  1878 

Hammer  :  Gerhardt  and  Mailer's  Mittheil.  med.  Klin,  zu  Wurzhurg  ii  Wiesbaden 
1886 
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Hardaway:  Arch,  of  Derm.  Philadelphia  1880 

Hebea,  F.  :  Bericht  v.  k.  k.  Krankenhause  Vienna  1874  and  1875 

Hebra,  H.  :  V.f.  Derm,  ii  1875 

Kaposi  :  Mycosis  fungoides  Wien.  med.  Woch.  1887 

Kobner:   Mycosis  fungoides  D.  med.  Woch.  1886,  and  Fortschr.  d.  Med.  IV 

1886 
Ledermann  :  Mycosis  fungoides  A.f.  Derm,  xxi  1889 
Paltauf  :  Lymphatic  neoplasms  of  the  skin  Wien.  klin.  Woch.  1892 
Payne  :  Rare  diseases  of  the  skin  London  1889 

References  on  PapillomatouB  Dermatitis  of  the  Scalp.      > 

Baker  :   Trans.  Path.  Soc.  London  1882 

Hebra,  H.  :   V.f  Derm,  ii  1875 

KoHJsr:  A.f.  Derm.  1 1869 

Verite,  a.  :  Acad,  de  med.  9  May  Paris  1882 

References  on  Umbilical  Granuloma. 

KtiSTER  -A.f  klin.  Chir.  xvi  1874 

Kustner:   F.^.  69  1877 

Weber,  F.  :  Beitr.  zur  path.  Anat.  der  Neugebornen  iii  Kiel  1851-3 

158.  Tuberculosis  of  the  skin  usually  appears  in  the  form 
of  superficial  ulcers  on  parts  near  orifices  that  are  covered  with 
mucous  membrane,  in  other  words  about  the  head,  the  genitals, 
and  the  anus ;  they  are  rarely  met  with  in  other  portions  of  the 
body.  The  ulcers  are  round  or  oval,  their  margins  somewhat 
iniiltrated  and  sinuous,  and  their  bases  and  the  adjacent  tissue 
beset  with  nodular  granulations. 

A  second  form,  formerly  described  as  scrofulodermia,  begins 
with  the  formation  of  circumscribed  and  isolated  nodular  granu- 
lomatous deposits  seated  chiefly  in  the  subcutaneous  connective 
tissue,  and  giving  rise  to  swelling  and  lividity  of  the  skin.  These 
break  through  and  discharge  a  thin  yellowish-white  liquid,  and 
leave  behind  ulcers  with  livid  undermined  borders,  and  floors 
covered  over  with  thin  granulations  and  necrotic  detritus.  This 
form  occurs  chiefly  in  children  as  an  accompaniment  of  wide- 
spread chronic  tuberculosis  (scrofula)  of  different  organs,  the 
tuberculous  eruption,  caseation,  and  destruction  of  tissue  often 
starting  in  the  lymph-glands.  The  commonest  seat  of  the  affec- 
tion is  about  the  face  and  in  the  cervical  and  nuchal  regions. 

Lupus  vulgaris  is  a  form  of  primary  cutaneous  tuberculosis, 
starting  at  one  point,  or  in  rare  cases  at  more  than  one.  It  is 
accompanied  or  followed  by  tuberculosis  of  other  organs,  and 
occurs  chiefly  in  children  of  from  three  to  ten  years  of  age.  The 
affection  usually  attacks  the  face  (Fig.  280)  or  the  limbs  ;  it  sel- 
dom begins  on  the  trunk. 

The  process  consists  essentially  in  the  formation  of  vascular 
and  non-vascular  granulomatous  nodes  (Fig.  281  d  e),  often  ex- 
actly resembling  typical  tubercles,  and  containing  bacilli.     The 
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nodes  may  break  down  and  disappear  by  resorption,  though  as 
they  soften  the  sub-epidermal  foci  often  rupture  through  the  skin 
(^),  and  give  rise  to  suppurating  ulcers  which  become  covered 
over  with  crusts.  Diffuse  infiltration  and  fibrous  hyperplasia 
generally  take  place  between  the  nodes,  or  exuberant  granulations 
grow  up  and  protrude  above  the  surface  of  the  skin.  Ingrowths 
of  epidermis  penetrating  between  the  proliferous  granulations  (K) 
give  the  structure  an  appearance  not  unlike  that  of  carcinoma. 

From  the  outset  or  during  the  progress  of  the  disease,  which 
extends  radially  from  the  starting  point,  red  and  yellowish-brown 
smooth  or  scaly  spots  (lupus  maculosus)  appear  over  the  deeper- 
lying  nodes,  and  these 
-,,,  readily  give  way  when 

pressed  upon  with  a 
probe.  When  the  nodes 
lie  close  together,  brown- 
ish-red or  brownish-yel- 
low spots  are  formed 
and  afterwards  sink  in 
as  the  central  portions 
of  the  nodes  are  re- 
absorbed. The  surface 
at  the  same  time  be- 
comes smooth  owing  to 
the  destruction  of  the 
papillae,  and  the  epi- 
dermis becomes  fissured 
and  exfoliates  (lupus 
exfoliativus') .  As  the 
tissue  disintegrates  ul- 
cers are  produced  and 
become  covered  over 
with  pus  and  crusts 
(lupus  exulcerans  or 
exedens^.  In  other 
Fig.  280.  Hypekteophic  lupus  of  the  face.  cascs  smooth  radiating 
(Fro7)i  a  photograph  bij  Demme  of  Berne)  scars  appear  in  the  Cen- 

tre of  the  patch,  while 
the  process  extends  at  the  margins  (lupus  serpiginosus).  Warty 
or  papillomatous  excrescences  (lupus  framboesioides,  papillaris, 
verrucosus),  or  tuberous  growths  (lupus  tuberosus,  nodosus,  hyper^ 
trophicus,  tumidus'),  may  develope  beneath  the  epidermis  or  on  the 
floors  of  the  ulcers,  the  protuberances  being  generally  covered 
over  with  crusts  or  epidermal  scales.  These  changes  usually 
give  rise  in  the  course  of  years  to  very  extensive  destruction, 
which  in  the  face,  for  example  (Fig.  280),  produces  extreme  de- 
formity and  disfigurement.  The  nose,  the  lips,  and  the  eye-lids 
may  be  nearly  destroyed,  and  are  generally  much  distorted  by 
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the  cicatrices.  On  the  limbs  thickenings  similar  to  those  of 
acquired  elephantiasis  are  not  uncommon.  They  consist  of  newly- 
formed  connective  tissue,  granulomatous  nodes,  and  necrotic  tis- 
sue, and  are  usually  beset  with  brown  tuberosities  or  papilloma- 
tous growths,  whose  surface  is  moist  or  scaly  and  crusty. 

Cadaveric  or  necrogenous  warts  are  due  to  tuberculous  inoc- 
ulation of  the  skin ;  they  are  most  apt  to  affect  anatomists  and 
dissecting-room  attendants,  and  arise  from  inflammatory  over7 
growth  of  the  papillary  layer,  with  the  formation  of  tubercles 
therein,  and  simultaneous  hypertrophy  of  the  epidermis.  This  is 
one  of  the  forms  of  traumatic  tuberculosis,  and  is  analogous  to 
the  other  varieties  produced  in  the  skin  and  subcutaneous  tissue 


Fig.  281.    Patch  of  lupus  vulgaris. 
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by  inoculation  of  the  tuberculous  virus,  such  as  that  sometimes 
developed  in  the  lobes  of  the  ears  after  they  have  been  pierced 
for  ear-rings.  Pyogenic  infection  is  liable  to  take  place  at  the 
same  time  or  subsequently,  and  give  rise  to  pustular  eruptions  or 
to  deep-seated  purulent  inflammation  and  lymphangitis.  The 
result  is  an  affection  intermediate  in  character  between  suppura- 
tion and  tuberculous  disease. 

When  the  tuberculous  foci  in  the  skin  do  not  disintegrate  and 
break  down,  large  tumour-like  nodes  are  apt  to  develope  from 
them.  Small  cutaneous  tubercles  sometimes  assume  the  appear- 
ance of  lichen  (Art.  152). 


References  on  Tuberculosis  of  the  Skin. 
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1886 
Block  :  Aetiology  and  pathogenesis  of  lupus  vulgaris  V.f.  Derm,  xm  3 
Brugger  :  Tuberculosis  verrucosa  cutis  V.  A .  119  1890 
Demme  :  The  bacilli  in  lupous  patches  Berl.  klin.  Woch.  1883 ;   Tube 
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Greifswald  1885 
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159.  The  initial  manifes- 
tation of  syphilis  in  the  skin 
makes  its  appearance  ten  to 
thirty  days  after  infection  in 
the  form  of  a  sharply -defined 
resistent  induration,  within 
which  the  tissue  is  infiltrated 
with  numerous  small  round- 
cells  (Fig.  282  a),  interspersed 
at  times  with  large  epithelioid 
cells  (S)  and  multinuclear 
giant-cells  (e) .  This  indurated 
sore  is  called  the  initial  scler- 
osis of  syphilis  (true  Hunte- 
rian  chancre  or  syphilitic 
induration). 

Sometimes  the  initial  scler- 
osis appears  as  a  papule  over  which  the  epidermis  spi 
■desquamates  ;  but  more  frequently  it  has  the  appearance  of 
parchment-like  disc,  or  is  rounded,  bean-shaped,  or  cylindri 


Fig.  282.    Initial  sclerosis  of  s\ 
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form.  After  some  weeks  the  sclerosis  generally  disappears,  and 
in  some  cases  leaves  behind  it  a  persistent  scar-like  induration : 
more  frequently  however  the  epidermis  exfoliates  and  the  super- 
ficial layers  of  the  corium  break  down,  leaving  an  erosion  that  be- 
comes an  ulcer  or  hard  chancre.  In  rare  cases  a  vesicle  is  formed, 
which  afterwards  bursts  and  leaves  behind  it  an  ulcerous  sore. 

The  size  of  the  ulcer  with  its  indurated  base  varies  in  different 
cases,  depending  chiefly  on  its  situation  and  surroundings ;  these 
are  often  such  as  to  intensify  the  lesion  and  increase  the  amount 
of  inflammation  and  ulceration.  The  surface  of  the  ulcer  secretes 
thin  pus  and  at  times  casts  off  sloughs  of  necrotic  tissue.  The 
floor  rarely  granulates  freely,  but  now  and  again  papillomatous 
outgrowths  arise  from  it  (venereal  papilloma).  Under  suitable 
treatment  the  ulcers  generally  heal,  but  some  induration  usually 
persists  for  a  long  while  in  the  scar. 

When  the  initial  manifestation  takes  the  form  of  a  papule, 
a  prominent  nodule  is  produced  varying  in  size  from  that  of  a 
grain  of  barley  to  that  of  a  pea,  and  dusky  blue  to  pale  red  in 
colour.  This  increases  in  size,  remaining  rounded  or  becoming 
more  flattened  as  it  spreads,  but  still  raised  slightly  above  the 
surface.  On  dry  parts  of  the  body  the  epidermis  desquamates 
and  the  surface  of  the  papule  becomes  crusted  over  ;  on  the  moist 
parts  it  'weeps.'  Ulcers  are  ultimately  formed  by  disintegration 
of  the  tissue.  Resolution  may  take  place  by  resorption  of  the  in- 
filtration, and  pigmented  spots  and  scars,  or  occasionally  small  firm 
pale  papules  having  the  colour  of  the  sliin  (Lang),  remain  behind. 

The  cutaneous  eruptions  or  syphilides  resulting  from  the 
dissemination  within  the  body  of  the  syphilitic  virus  may  appear 
on  any  part  of  its  surface,  though  they  generally  show  first  on 
the  trunk,  and  afterwards  on  the  face  and  limbs.  They  usually 
take  the  form  of  roseolar  spots,  papules,  pustules,  and  superficial 
or  deep-seated  gummata;  in  rare  cases  pigmented  and  scaly  spots 
appear  without  any  antecedent  eruption  (Lang). 

Syphilitic  roseola  appears  most  frequently  on  the  trunk,  but 
it  sometimes  spreads  over  the  entire  surface  of  the  body,  and  con- 
sists of  slightly -raised  spots  (maculo-papular  syphilide),  varying 
from  the  size  of  a  pea  to  that  of  a  finger-nail.  The  tissue  within 
these  spots  is  infiltrated  and  its  cells  are  proliferous.  In  one 
or  two  weeks  the  eruption  becomes  dirty-brown  or  grey  in  colour, 
and  usually  disappears  in  three  or  four  weeks. 

The  papular  syphilide  begins  as  an  eruption  of  red  specks 
from  the  size  of  a  pin's  head  to  that  of  a  lentil,  upon  which  pap- 
ules arise  varying  in  size  from  that  of  a  millet-seed  to  that  of 
a  pea,  and  pointed,  rounded,  or  flattened  in  shape.  The  eruption 
is  distinguished,  according  to  the  size  of  the  papules,  as  a  small- 
papular  (miliary)  or  large-papular  (lenticular)  syphilide.  The 
first  looks  very  like  lichen  ruber,  and  is  therefore  described  as 
lichen  syphiliticus.     The  tissue  within  the  papules  is  infiltrated 
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with  exudation  (Fig.   270)  and  is  in  process  of  proliferation ; 
giant-cells  are  sometimes  developed  in  it. 

The  papules  rising  from  dry  surfaces  are  red,  bluish,  or  brown, 
or  differ  in  colour  but  little  from  the  surrounding  skin ;  as  they 
fade  they  become  covered  with  desquamated  epidermal  scales. 
They  sometimes  leave  behind  brown  or  grey  pigmented  spots, 
which  afterwards  grow  paler  and  sometimes  lose  their  pigment 
entirely.  In  certain  cases  vesicles  and  pustules  supervene  on  the 
papules  (vesicular  syphilide,  herpes  syphiliticus  or  impetigo  syphi- 
litica), and .  as  they  dry  up  form  scabs.  On  the  palmar  and 
plantar  surfaces  the  papules  as  a  rule  remain  flattened,  becoming 
thickly  covered,  as  the  eruption  declines,  with  membranous  epi- 
dermal scales  (^psoriasis  palmaris  et  plantaris  syphilitica). 


Fig.  283.    Pustulab  syphilids  (infantile  syphilitic  pemphigus). 

(Section  through  the  margin  of  a  bleb ;  haematoxylin  staining :  X  200) 
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In  parts  that  from  their  position  are  always  kept  more  or  less 
moist,  the  syphilitic  papules  generally  become  exuberant,  and 
form  the  broad  flattened  elevations  known  as  mucous  patches 
(^condylomata  lata  or  flat  papules).  The  exudation  infiltrating 
the  tissue  usually  oozes  through  to  the  surface  (Fig.  270  /  h), 
and  causes  it  to  'weep.'  At  the  same  time  the  superficial  layers 
of  epidermis  become  swollen  (c?  ff)  and  macerated.  The  patches 
are  soft  and  more  or  less  reddened  or  bluish  in  tint,  and  those 
lying  near  each  other  sometimes  coalesce  and  ulcerate. 
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The  pustular  syphilide  is  due  to  the  formation  of  pus  be- 
neath the  horny  layer  of  the  epidermis,  or  to  suppuration  of 
the  infiltrated  tissue  of  the  papules.  In  the  former  condition 
(Fig.  283  Ti)  the  papillary  layer  is  exposed  when  the  pustule 
separates,  its  tissue  being  infiltrated  with  liquid  or  covered  with 
granulations  (z).  When  the  papillary  layer  and  the  corium  are 
destroyed,  the  removal  of  the  pustule,  or  of  the  crust  formed 
from  it  as  it  dries,  reveals  a  deep  or  shallow  ulcer,  which  can 
heal  only  by  the  formation  of  a  depressed  cicatrix.  In  rare 
cases  exuberant  papillomatous  growths  appear  on  the  floor  of  the 
ulcer  (^framhoesia  syphilitica). 

The  syphilitic  pustule  sometimes  becomes  umbilicated,  and 
thus  has  arisen  the  term  variola  syphilitica  or  great-pox.  When 
a  number  of  pustules  are  clustered  round  a  hair-follicle  the  condi- 
tion is  called  acne  syphilitica.  Large  pustules  are  often  referred 
to  as  pemphigus  syphiliticus,  and  still  larger  ones,  each  covered 
with  a  dirty  crust,  as  rupia  syphilitica. 

The  small-pustular  syphilides,  like  the  small-papular  variety, 
are  apt  to  be  widely  spread  over  the  body,  and  appear  at  various 
stages  of  the  disease.  The  rupial  form,  in  which  isolated  pustules 
may  grow  to  the  size  of  a  silver  crown-piece  or  dollar,  is  associated 
with  the  tertiary  stage.  The  rupial  pustule  tends  to  dry  into  a 
crust,  beneath  which  the  formation  of  pus  goes  on ;  this  pus  again 
dries,  and  so  the  size  of  the  crust  steadily  increases.  A  depressed 
scar  is  left  when  the  process  comes  to  an  end. 

Grummata  of  the  skin  are  similar  in  appearance  to  the  initial 
sclerosis  of  syphilis,  and  form  small  rounded  or  flattened  nodes, 
sharply  defined,  and  of  a  dull-red  or  purplish  colour.  After 
existing  for  a  while  they  disappear,  leaving  behind  an  atrophic 
glistening  scar,  or  break  down  and  form  gummatous  ulcers  with 
infiltrated  floors.  As  these  heal  they  leave  glistening  white  scars 
surrounded  by  a  pigmented  zone.  Such  ulcerating  nodes  not 
infrequently  appear  in  large  numbers,  and  sometimes  become  con- 
fluent. Papillomatous  growths  may  arise  from  the  floors  of  the 
ulcers  (framhoesia  syphilitica').  In  the  course  of  months  or  years 
large  areas  of  the  skin  may  thus  be  invaded,  by  the  successive 
formation  of  fresh  nodes  and  cicatrices.  When  an  ulcer  heals  at 
one  side  while  the  other  side  advances,  it  takes  a  reniform  or  cres- 
centic  shape  (ulcus  serpiginosum). 

In  rare  cases  diffuse  gummatous  infiltrations  covered  with 
scales  and  scabs  are  formed :  these  ulcerate  here  and  there,  leaving 
indurated  scars  as  they  heal. 

Gummata  of  the  subcutaneous  connective  tissue  take  the  form 
of  nodes  from  the  size  of  a  bean  to  that  of  the  fist,  which  after 
some  considerable  time  soften  and  disappear  by  resorption,  leaving 
a  thin  and  puckered  area  on  the  overlying  skin.  Sometimes  the 
nodes  undergo  partial  caseation  and  calcification,  or  rupture  exter- 
nally, forming  an  ulcer  with  thickened  and  undermined  edges. 
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and  an  indurated  floor  covered  with  necrotic  shreds.  When  the 
ulcer  is  cleansed  of  dead  tissue  and  detritus  it  heals  by  cicatrisa- 
tion. In  severe  cases  such  ulcers  may  be  numerous  and  cause 
deep  and  wide-spread  loss  of  tissue.  The  forehead,  back  of  the 
neck,  scapular  region,  and  leg  are  the  favourite  seats.  Cutaneous 
gummata  generally  accompany  the  later  stages  of  syphilis,  and 
accordingly  seldom  appear  at  the  same  time  as  the  papular  and 
pustular  syphilides. 

References  on  Syphilides. 

Campana  :  Dei  morbi  sifilitici  e  venerei  Genoa  1889  [1873-75 

Kaposi  :  Die  Syphilis  der  Haul  und  der  angrenzenden  Schleimhdute  Vienna 
Lang,  E.  :   Vorlesungen  ilber  Path.  u.  Therap.  d.   Syphilis  i  Wiesbaden  1884 

(with  references) 
Lewin:  Clavi  syphilitioi  (callosities)  A.f.  Derm,  xxv  1893  (with  references) 
Michelson:  Lichen  syphiliticus  V.  A.  118  1889 

Neumann  :  Histological  changes  in  cutaneous  syphilis  V.  f.  Derm.  1885 
ToMMASOLi  and  Unna  :  Syphilides  Dermatol.  Studien  n  Hamburg  1890 


Fig.  284.    Leontiasis  lepbosa. 
(After  G.  Mines.:  from  his  Russian  work  on  "  Leprosy  in  Southern Sussia") 
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160.  Leprosy  affects  chiefly  the  skin  of  the  face  (Fig.  284), 
the  extensor  surfaces  of  the  knees  and  elbows,  and  the  hands  and 
feet  (Fig.  285).  It  begins  with  an  eruption  of  red  spots,  which 
either  disappear  and  leave  behind  pigmented  specks,  or  rise  into 
nodes  and  tuberous  swellings  of  a  brownish-red  colour  (lepra 
tuberosa,  tuhercularis,  or  nodosa').  Bullae  are  occasionally  formed. 
The  exciting  cause  of  all  these  changes  is  the 
lodgment  and  growth  in  the  skin  of  the  Bacil- 
lus leprae. 

The  nodes  either  remain  unaltered  for 
many  months,  or  increase  in  size  and  coalesce 
into  bulky  protuberances  (elephantiasis  grae- 
corum,  fades  leontina.  Fig.  284).  New  nodes 
appear  from  time  to  time,  preceded  by  ery- 
sipelatoid  reddening  and  swelling  of  the  skin. 
The  peripheral  nerves  are  apt  to  be  involved, 
leading  to  atrophic  conditions  of  the  skin 
manifested  by  the  appearance  of  white  and 
brown  stains  (lepra  maculosa,  morphoea  nigra 
et  alba).  Once  cutaneous  sensibility  is  lost 
the  patient  often  injures  himself  unwittingly, 
and  thus  in  the  later  stages  ulceration  is  apt 
to  be  set  up,  and  extending  deeply  into  the 
tissue  may  bring  about  the  loss  of  entire  pha- 
langes (lepra  mutilans,  Fig.  285). 

The  multiplication  of  the  specific  bacilli 
leads  to  the  formation  of  cellular 
or  fibro-cellular  nodes  and  strands 
(Fig.   286dfgh'),    and  these   to 
thickening  of  the  skin.     They  de- 
velope  with  especial  frequency  in 
the  neighbourhood  of  the  hair-fol- 
licles (cZ),  and  in  the  ducts  (/)  and 
coiled   tubules  (g)   of   the    sweat- 
glands,  though  such  a  distribution 
cannot  be  made  out  in  the  case  of 
all  the  cellular  nodes  (h)  and  strands. 
The  bacilli  lie  for  the  most  part  within  the  proliferous  con- 
nective-tissue  cells,   and    there   accumulate    in    large   numbers. 
According  to  ToUTON  and  Unna  the  bacilli  may  pass  into  the 
hair-follicles  and  sweat-glands,  and  thence  reach  the  surface. 


Fig.  285.  Ulckbous  leprosy  (lkpka 
mutilans)  of  the  leg  and  foot. 

(After  G.  Minch) 


References  on  Cutaneous  Leprosy. 

Babes  :  Seat  of  the  bacilli  in  the  tissiies  A.  de  physiol.  ii  1883 
DouTRBLBPONT  :  Pathology  of  leprosy  Verhandl.  d.  deutschen  dermat.  Gesellsch. 

Vienna  1892 
Fox  and  Farquhar  :  Endemic  skin  diseases  of  India  London  1876 
Gerlach  :  Relation  of  macular  ta  anaesthetic  leprosy  V.  A.  125  1891 
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Hansen,  A.:  Bacillus  leprae  Quart.  J.  microsc.  science  xx  1880;  V.  A.  79,  80, 

114,  1:20  1880-1890 
HiLLis :  Leprosy  in  British  Guiana  London  1881 
KoBNER  :  V.  f.  Derm,  m  1876 
Kuhne:  Morbid  anatomy  Monatsh.  f.  prakt.  Derm,  iii  (supplement)  Hamburg 

1887 
MiNCH :  Prokaza  na  yuge  Rossii  (Leprosy  in  Southern  Russia)  Kiev  1884-86 


•^^^gMSn^sS 


Fig.  286.    Leprous  node  of  the  skin. 

{Preparation  hardened  in  alcohol,  stained  withfuchsin  and  methylene-blue,  and  mounted 
in  Canada  balsam :  x  32) 

a    epidermis  /  leprous  infiltration  surrounding  it 

b    corium  g  leprous  infiltration  round  the  coils  of 

c    hair-follicle  the  sweat-glands 

d    leprous  deposit  in  the  neighhourhood      h  leprous  deposits  in  no  apparent  relation 

of  the  hair-follicle  to  any  of  the  cutaneous  structures 

e    duct  of  sweat-gland  i  colonies  of  bacilli 


Neisser  :  Histology  V.  A.  103  1886 ;  Ziemssen's  Hanrlb.  d.  spec.  Path,  xiv 

Philippson:  Histology  of  hyperaemic  spots  in  tubercular  leprosy  V.  A.  132 
1893 

Ramon  t  Cajal  :  Giant-cells  Gaceta  sanit.  de  Barcelona  u  1890 

RiCKLi:  Morbid  anatomy  V.  A.  129  1892 

SuDAKEWiTSCH  :  Morbid  anatomy  Ziegler's  Beitrdge  ii  1887 

TouTON :  Bacilli  in  cutaneous  leprosy  F.  A.  104  1886 

Unna  :  Monatsh.  f.  prakt.  Derm,  (supplement)  1885,  Dermatol.  Studien  i  Ham- 
burg 1886,  V.  A.  103  1886,  D.  med.  Woch.  1886 

WoLTERS :  Summary  of  researches  Cent.  f.  Bakteriologie  xiii  1893 
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Glanders  of  the  skin  begins,  in  case  the  infection  starts  in  a 
cutaneous  wound,  with  an  inflammatory  swelling  which  is  soon 
followed  by  the  formation  of  an  ulcer.  These  ulcers  secrete  thin 
pus  and  have  ragged  and  eroded  edges.  Dissemination  of  the 
Bacillus  mallei  by  way  of  the  lymph-channels  induces  wide- 
spread erysipelatoid  and  phlegmonous  inflammation,  with  the 
formation  of  pustules  and  ulcers.  When  the  blood  becomes  in- 
fected (Bollinger,  PtJTz)  the  eruption  takes  the  form  of  red 
spots  and  pock-like  pustules,  or  at  times  of  large  pemphigoid 
blebs,  which  rupture  and  discharge  viscid,  bloody,  and  often 
foul-smelling  pus.  In  other  cases  large  boil-like  swellings  and 
abscesses  are  formed,  which  rupture  and  leave  behind  deep  and 
ragged  ulcers  with  suppurating  edges.  In  some  cases  all  these 
va,rieties  of  inflammation  appear  together,  and  so  extensively 
(Bollinger)  that  hardly  any  part  of  the  body  remains  un- 
affected. 

Glanders  either  runs  an  acute  course  of  two  to  four  weeks,  or 
a  chronic  one  of  two  to  six  months  or  more  ;  thus  an  acute  and  a 
chronic  form  are  recognised,  the  latter  being  sometimes  distin- 
guished as  farcy. 

References  on  Cutaneous  Glanders. 

Glasbr:  Glanders  in  man  Inaug.  Diss.  Breslau  1876 
Hartge  :  Moist  glanders  St  Petersburg,  med.  Woch.  1890 
Jakowski  :  Chronic  glanders  Z.  f.  klin.  Med.  xvii  1891 
Kernig:  Chronic  glanders  Z.f.  klin.  Med.  xui  1887 
LoFFLER :  Aetiology  Arbeiten  a.  d.  h.  k.  Gesundkeitsamte  1 1886 

161.  The  mycoses  of  the  skin  due  to  mycelial  fungi  Qiypho- 
mycetes')  are  divisible  into  four  main  forms,  known  as  favus, 
herpes  tonsurans,  pityriasis  versicolor,  and  erythrasma. 

Favus  (tinea  favosa  or  crusted  ringworm)  chiefly  attacks  the 
scalp,  though  it  is  also  met  with  in  other  parts,  such  as  the  nails. 
It  is  characterised  by  the  formation  of  pale-yellow  cup-shaped 
friable  crusts  usually  perforated  by  hairs,  the  so-called  favus-cups 
(scutula').  These  crusts  vary  from  the  size  of  a  pin-head  to  that 
of  a  sixpence  or  dime. 

According  to  Kaposi  the  favus-cup  begins  as  a  minute  yellow 
punctiform  spot  perforated  by  a  hair  and  lying  beneath  the  epi- 
dermis. In  a  few  weeks  it  grows  to  the  size  of  a  pin's  head,  and 
then  appears  as  a  pale-yellow  cup-shaped  disc  visible  through  the 
skin.  On  section  the  disc  (Fig.  287)  is  seen  to  consist  of  my- 
celial filaments  and  conidia  (spores),  lying  beneath  the  attenuated 
hornj'  layer  of  the  epidermis  (absent  in  the  figure)  in  a  crateri- 
form  excavation  of  the  skin.  If  the  cup  is  removed  the  surface 
of  the  excavation  has  a  red  and  moist  appearance.  The  cup 
itself  is  whitish  and  friable,  and  may  be  readily  teased  out  when 
placed  in  water.     The  fungus  of   which  it  consists,  apart  from 
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the  epidermal  detritus  accompanying  it,  is  called  Achorion  Schon- 
leinii  (from  Schonlein  who  discovered  it  in  1839). 

If  the  favus-cups  are  not  removed  they  coalesce  into  large  con- 
tinuous masses.  When  the  horny  skin  which  binds  them  down  is 
cast  off  or  broken  through,  these  masses  are  exposed  and  dry  up 
into  yellowish  mortar-like  crusts.  The  hairs  look  dull  and  pow- 
dery, and  are  easily  pulled  out.  This  is  due  to  the  fact  that  the 
hyphae  and  conidia  enter  the  opening  of  the  hair-follicle  and 
grow  into  the  bulb  (Fig.  288  a)  and  shaft  of  the  hair,  and  also 
into  the  root-sheath  (6).     By  the  growth  of  the  fungus  not  only 
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Fig.  287.    Cup  ok  scutulum  of  favus. 

(After  Neumann) 

o      free  edge  of  the  cup  /  epidermis 

6      dead  and  disintegrated  horny  layer  of  .9  altered  papilla 

the  epidermis  h  cellular  infiltration  beneath  the  cup 

c  d  mycelial  filaments  i  cutis 
e      conidia 

may  the  hair  itself  be  extruded,  but  the  papilla  may  become  atro- 
phied by  the  pressure  of  the  accumulating  detritus.  At  the  same 
time  the  tissue  surrounding  the  hair-follicle  is  affected  with  more 
or  less  intense  inflammation,  which  may  assume  an  eczematous 
character. 

When  Achorion  settles  in  a  nail  (onychomycosis  favosa)  yellow- 
ish sulphur-like  deposits  or  uniform  thickenings  are  formed  in  it, 
the  components  of  the  nail  becoming  disintegrated  and  undergoing 
cheesy  degeneration. 
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Tinea  tonsurans  (herpes  tonsurans  or  common  ringworm)  is 
an  affection  produced  by  the  filaments  and  spores  of  Trichophyton 
tonsurans  (discovered  by  Gruby  in  1844).  The  filaments  are 
long,  slender,  and  sparsely  branched,  and  form  few  conidia  and  no 


Fig.  288.    Hair  affected  with  favus. 
(After  Kaposi) 

a  hair-bulb  and  shaft    b  root-sheath  beset  with  hyphae  (mycelial  filaments)  and  conidia 

(spores) 


seutula;  but  they  readily  penetrate  into  the  shaft  of  the  hair,  and 
make  it  brittle.  Tinea  assumes  a  different  appearance  according 
as  it  occurs  on  hairy  or  non-hairy  parts  of  the  skin. 
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Tinea  tonsurans  caplllitii,  or  ringworm  of  the  scalp,  gives  rise 
to  bare  circular  patches  from  the  size  of  a  sixpence  to  that  of  a 
crown-piece  (Kaposi).  The  surface  appears  as  if  badly  shaven, 
the  hairs  over  it  being  broken  off  short  and  frayed  at  the  ends. 
The  skin  of  the  patches  is  smooth  or  scaly,  and  their  margins  are 
reddened.  When  the  filaments  penetrate  the  hair-follicles  pustules 
and  scabs  are  formed.  Such  patches  are  produced  in  several  places 
at  once,  and  continue  to  grow  larger  until  the  affection  is  cured. 

On  non-hairy  parts  rings  of  vesicles  (tinea  or  herpes  tonsurans 
vesiculosus^  and  red  scaly  spots,  discs,  and  circles  are  produced. 
Sometimes  a  number  of  red  spots  appear  in  rapid  succession  at 
various  points,  and  heal  as  rapidly,  without  attaining  any  great 
size. 

In  herpes  tonsurans  vesiculosus  the  fungi  are, found  between  the 
uppermost  layers  of  nucleated  epidermal  cells  (Kaposi). 

When  the  fungus  attacks  the  nails  (onychomycosis  tonsurans') 
they  become  opaque  and  brittle,  and  split  into  laminae. 

Sycosis  parasitaria  (tinea  sycosis  or  barber's  itch)  is  induced 
when  the  development  of  the  fungi  is  accompanied  by  a  more 
marked  inflammation  of  the  hairy  parts.  Infiltration  and  suppu- 
ration, with  the  formation  of  pustules,  abscesses,  and  papillomatous 
growths  are  the  result.  According  to  Kaposi  and  others  eczema 
marginatum,  which  affects  parts  where  two  cutaneous  surfaces 
rub  against  each  other  and  the  skin  is  kept  moist  by  perspiration, 
is  due  to  Trichophyton  tonsurans.  Vesicles  and  crusts  are  pro- 
duced about  the  margin  of  a  pigmented  area.  Contagious  impet- 
igo (Art.  148)  is  also  said  to  be  caused  by  Trichophyton  tonsurans 
(H.  Hebra). 

Pityriasis  versicolor  (dermatomy costs  furfuracea,  tinea  versi- 
color, mycosis  microsporina')  is  characterised  by  the  appearance  of 
pale  or  brownish-yellow  patches,  deepening  to  dark-brown  or 
brownish-red,  and  varying  in  size  from  that  of  a  pea  to  that  of 
the  palm  of  the  hand ;  they  extend  uniformly  over  large  areas, 
are  irregular  in  outline,  and  their  surface  is  smooth  and  shining 
or  dull  and  scaly.  They  occur  chiefly  on  the  trunk,  neck,  and 
flexor  surface  of  the  limbs,  never  on  the  hands  or  feet  or  on  the 
face.  The  epidermis  when  scraped  off  is  found  to  contain  mycelial 
filaments  and  conidia  of  a  fungus  called  Microsporon  furfur  (dis- 
covered by  EiCHSTEDT  in  1846).  It  does  not  penetrate  the  hairs 
or  their  follicles. 

Erythrasma  is  characterised  by  the  formation  of  sharply- 
defined  brown  or  reddish-brown  patches,  sometimes  as  large  as 
the  hand,  and  not  very  scaly.  They  appear  on  the  inner  surface 
of  the  thighs.  The  filamentous  fungus  found  in  the  epidermis  is 
extremely  small,  and  has  therefore  been  called  Microsporon  minu- 
tissimum. 

162.  Scabies  and  epithelioma  moUuscum  are  the  most  impor- 
tant diseases  of  the  skin  due  to  animal  parasites. 
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Scabies,  or  itch,  is  due  to  the  settlement  of  Acarus  scabiei  in 
tlie  epidermis.  Tiie  itch-mite  pierces  the  horny  layer  at  some 
point,  and  bores  its  way  obliquely  through  till  it  reaches  the  rete 
Malpighii  or  even  the  papillae.  As  the  epidermal  cells  grow  and 
approach  the  surface,  the  mite  continues  to  work  its  way  down- 
ward, so  as  always  to  keep  below.  In  this  way  it  gives  rise  to 
burrows  (cuniculi)  which  penetrate  the  skin  obliquely  and  are 
irregularly  zigzagged  and  curved :  they  may  reach  the  length  of 
one  or  two  centimetres.  The  mite  sits  at  the  blind  end  of  the 
burrow  (Fig.  289  d),  leaving  behind  its  excreta  (/)  in  the  form 
of  yellow,  brown,  or  black  grains  and  lumps.  The  female  also 
lays  its  eggs  in  the  burrow,  and  as  these  are  hatched  the  young 
mites  may  be  seen  in  all  stages  of  development  (e). 


Fig.  289.    Section  of  the  skin  in  scabies. 
{Carmine  staining :  X  20) 
a    horny  layer  of  the  epidermis  traversed       c    cutis  infiltrated  with  cells 

by  i;he  numerous  burrows  made  by       d    section  through  an  adult  itch-mite 
the  itch-mite  e    eggs  and  embryos  of  various  sizes 

6    rete  Malpighii  with  hypertrophied  and      /    excreta  of  the  itch-mite 
infiltrated  papillae 

The  irritation  caused  by  the  mite  directly  and  by  the  scratch- 
ing which  it  induces  gives  rise  to  eczematous  inflammation  of  the 
skin,  with  the  formation  of  vesicles  and  pustules.  Pus  may  col- 
lect beneath  the  burrows  of  the  Acarus. 

When  the  affection  becomes  chronic  the  skin  is  often  very 
gravely  altered.  The  horny  layer  of  the  epidermis  (a)  is  per- 
meated by  the  burrows  in  all  directions,  and  becomes  hyper- 
trophic. The  cutis  is  infiltrated  with  cells  (c)  and  thickened, 
and  the  papillae  (6)  become  perceptibly  elongated. 
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MoUuscum  contagiosum  (epithelioma  contagiosum,  endocys- 
tic  condyloma,  or  sebaceous  wart)  is  a  tumour-like  growth  in  the 
skin,  probably  caused  by  parasitic  sporozoa  or  coccidia  (Fig.  290), 
and  taking  the  form  of  umbilicated  nodes  with  a  waxy  lustre  and 
as  large  as  a  pea  or  bean.  The  growth"  consists  of  epithelioid 
cells  arranged  in  a  glandular  manner  (Fig.  290  d),  derived  from 
the  epidermis  and  enclosing  multitudes  of  the  parasites  (e/). 
On  section  it  appears  loculated,  with  a  central  space  continuous 


^-'^^$^^Mi"-,^f-  V  .'?-■* 
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Fig.  290.     Longitudinal  section  of  a  node  op  molluscum  contagiosum. 
{Hardened  in  Mutter's  fluid,  stained  with  haematoxylin  and  eosin,  and  mounted  in 

Canada  balsam:  x  15) 

«   epidermis        6   cutis        c   sebaceous  glands        d   gland-like  epithelioid  structures 

e  sporozoa        /  g  opening  blocked  with  horny  epidermis  and  sporozoa 


with  the  apical  depression,  and  looking  not  unlike  a  hypertrophied 
sebaceous  gland,  with  which  it  was  formerly  confounded.  The 
parasites  multiply  in  the  cells  of  the  loculi,  and  as  the  epidermis 
grows  tend  to  be  thrust  towards  the  central  space  (/),  where  they 
lie  in  a  kind  of  false  reticulum  of  desquamated  horny  epidermal 
cells.  The  affection  is  apt  to  appear  simultaneously  in  persons 
who  live  together,  and  is  accordingly  regarded  as  contagious. 
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CHAPTER   LV 


INFLAMMATORY  HYPERTROPHIES  AND  TUMOURS 


163.  Hypertrophy  from  external  causes  chiefly  affects  the 
epidermal  and  the  papillary  layers  of  the  skin ;  but  at  times  only 
the  tissue  of  the  corium,  or  all  the  layers  together,  are  involved. 
In  many  cases  the  process  runs  its  course  with  all  the  appearance 
of  an  inflammation,  in  others  no  inflammatory  phenomena  may 
be  presented.  In  regard  to  some  of  the  varieties  of  hypertrophy 
a  certain  inherent  local  predisposition  of  the  tissue  seems  to  be 
necessary  in  addition  to  the  external  exciting  cause. 

When  a  part  of  the  skin  is  continually  exposed  to  slight 
mechanical  irritation,  inducing  often-repeated  hyperaemia  or  slight 
inflammation,  the  epidermis  may  at  length  become  hypertrophied. 


^^r^ 


Fig.  291.    Section  of  a  cokn. 

(Preparation  hardened  in  alcohol,  stained  with  picro-carmine,  and  mounted  in  Canada 

balsam :  x  8) 
a    corium  c    hypertrophied  horny  layer 

b    papillary  layer  with  rete  Malpighii  d    stratified  horny  layer 

If  the  horny  layer  is  chiefly  involved,  and  callous  or  horny 
growths  result,  they  are  described  as  indurations  or  callosities 
(tyloma).     They  are  commonest  on  the  hands  and  feet. 

When  the  callous  thickening  of  the  epidermis  over  a  limited 
area  extends  inwards  (Fig.  291  d')  and  presses  on  the  papillae  so 
as  to  lead  to  their  atrophy,  we  have  what  is  called  a  corn  (clavus). 
The  irritation  of  the  papillary  layer  thereby  caused,  especially 
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when  it  is  associated  witli  external  friction  or  pressure,  induces 
more  or  less  intense  inflammation,  manifested  by  hyperaemia 
and  swelling  of  the  tissue,  and  at  times  even  passing  into  sup- 
puration. 


Fig.  292.    Cutaneous  horn  removed  from  the  back  of  the  hand. 
(Natural  size) 

Fig.  293.    Cutaneous  horn  from  the  arm. 
{Natural  size) 

Occasionally  the  hypertrophy  takes  the  form  not  of  a  flattened 
or  discoid  thickening,  but  of  a  horn-like  protuberance  (cornu 
cutaneum  or  keratoma'),  which  may  reach  a  considerable  size  (Figs. 
292  and  293).  The  base  usually  includes  a  few  more  or  less  elon- 
gated and  hypertrophic  papillae.  The  layers  of  the  epidermal 
mass  run  at  right  angles  to  the  surface  of  the  skin.  Cutaneous 
horns  sometimes  arise  without  any  apparent  cause  on  otherwise 
normal  skin  ;  in  other  cases  they  start  from  scars,  wens,  or 
tumours. 


Fig.  294.    Condyloma  acuminatum. 

{Injected  preparation  stained  loith  haematoxylin :  X  20) 

a    enlarged  and  branched  papilla  6    thickened  epidermis 

Long-continued  irritation  affecting  any  portion  of  the  skin 
sometimes  induces  local  hypertrophy  of  the  papillae,  which  in- 
crease in  length  and  often  become  subdivided  (Fig.  294  a)  or 
branched.     The  cutaneous  growth  thus  produced  might  be  termed 
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inflammatory  fibrous  papilloma;  it  is  usually  described  as  a 
venereal  wrart  or  cauliflower  excrescence  (condyloma  acuminatum'). 
Such  warts  are  usually  seated  upon  some  part  of  the  external 
genitals  or  around  the  anus  ;  the  special  chronic  irritation  which 
induces  them  is  that  due  to  discharges  from  urethral  inflammation, 
chancrous  pus,  decomposed  preputial  or  vaginal  secretions,  or  the 
like.  Though  small  and  inconspicuous  at  first,  they  may  ulti- 
mately grow  into  excrescences  as  large  as  an  apple,  firm  in  tex- 
ture, usually  whitish  in  tint,  and  resembling  a  head  of  cauliflower 
in  general  appearance.  The  papillae  (a)  as  they  grow  tend  more 
and  more  to  subdivide  ;  they  are  composed  essentially  of  vascular 
fibrous  tissue,  but  always  enclose  a  number  of  leucocytes,  and  the 
base  on  which  they  stand  is  always  infiltrated  and  proliferous. 
Lymphangitis  is  often  set  up  at  the  same  time,  as  appears  by  the 
accumulation  of  cells  within  and  around  the  efferent  lymph-ves- 
sels of  the  affected  part. 

The  epidermis  (S)  overlying  the  hyperplastic  papUlae  is  thick- 
ened, and  this  to  some  extent  effaces  the  unevennesses  due  to 
the  branching  of  the  papillae.  This  however  applies  only  to  the 
minor  irregularities,  the  general  papillary  structure  and  configu- 
ration of  the  growths  being  quite  recognisable  from  the  outside. 

Inflammatory  fibrous  papilloma  and  papillomatous  granuloma 
fungoides  (Art.  157)  are  formations  which  in  their  mode  of  ori- 
gin and  in  their  structure  are  very  closely  akin,  and  accordingly 
it  is  not  easy  to  differentiate  them  precisely. 

References  on  Cutaneous  Horns. 

Batge  :  Multiple  circumscribed  keratoses  Inaug.  Diss.  Dorpat  1875,  and  D.  Z. 
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Mitwalsky:  Cutaneous  horns  about  the  eyelids  A.f.  Derm,  xxvii  1894  (with 

references) 
Pick  :  Cutaneous  horn  of  the  glans  penis  V.  f.  Derm,  ii  1875 
Unna  :  Fibrokeratoma  D.  Z.  f.  Chir.  xii  1879 ;   Hereditary  keratoma   V.  f. 

Derm,  x  1883 

164.  Acquired  elephantiasis  (elephantiasis  arabum,  pachy- 
dermia acquisita')  is  a  chronic  and  extensive  hyperplasia  of  the  skin 
and  subcutaneous  tissue  (Fig.  295).  The  condition  is  associated 
with  a  chronic  endemic  disease  occurring  in  many  tropical  and 
sub-tropical  countries,  such  as  Arabia,  Egypt,  Indo-China,  many 
islands  of  the  Malay  Archipelago,  Central  America,  and  Brazil. 
In  Europe  the  affection  is  only  met  with  sporadically. 

Two  main  varieties  may  be  distinguished  in  endemic  as  well  as 
in  sporadic  elephantiasis.  The  first  variety  begins  with  symptoms 
of  inflammation  and  often  of  fever  also  :  the  other  is  insidious  and 
gradual  in  its  progress,  and  is  unattended  by  any  signs  of  inflam- 
mation.    The  inflammatory  appearances,  in  both  the  endemic  and 
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the  sporadic  forms,  consist  chiefly  of  recurrent  erysipelatoid  and 
lymphangitic  attacks,  which  in  the  end  leave  behind  them  perma- 
nent hyperplastic  thickening  of  the  integument.  The  causation 
of  these  attacks  is  little  understood.  In  the  endemic  form  the 
process  depends  in  many  instances  on  the  invasion  of  the  subcu- 
taneous tissues  by  Filaria  JBancrofti,  which  with  its  embryos  lodges 
in  the  lymph-vessels  and  gives  rise  to  lymphatic  obstruction 
and  inflammation,  chiefly  about  the  external  genitals,  thighs,  and 
abdomen.  It  must  however  be  remarked  that  filarial  infection 
and  the  resulting  lymphatic  ob- 
struction do  not  always  result 
in  elephantiasis,  and  on  the 
other  hand  that  in  most  cases 
of  endemic  elephantiasis  hith- 
erto examined  no  Filaria  has 
been  discovered.  Sporadic  in- 
flammatory elephantiasis,  other 
than  the  kind  just  mentioned, 
maybe  induced  by  many  diverse 
forms  of  chronic  or  recurrent 
inflammation,  such  as  chronic 
eczema,  tuberculosis  of  the  skin 
and  underlying  bones,  chronic 
irritation  from  the  presence  of 
foreign  bodies,  venous  engorge- 
ment and  varicose  ulcers,  pru- 
rigo, syphilitic  periostitis,  and 
chronic  vaginitis  and  vulvitis. 
Lymphatic  engorgement,  from 
disease  of  the  lymph-glands  or 
any  other  cause,  favours  the 
supervention  of  elephantiasis, 
but  does  not  by  itself  bring 
about  hyperplasia  of  the  in- 
teguments. 

The  aetiology  of  the  non- 
inflammatory variety  is  still 
obscure,  though  it  is  highly 
probable  that  even  when  it 
does  not  attain  a  noticeable  de- 
velopment (Fig.  295)  until  mature  life,  it  is  in  part  due  to  con- 
genital causes,  depending  on  some  morbid  condition  inherited  or 
acquired  in  utero  (Arts.  165—168). 

After  the  hyperplasia  has  in  the  course  of  years  become  consid- 
erable (Fig.  295),  erysipelatoid  inflammation  is  apt  to  recur  in  the 
part,  showing  that  the  altered  tissues  are  peculiarly  prone  to 
inflammation. 

Acquired  elephantiasis  may  appear  in  almost  any  part  of  the 


Fig.  295.    Lymphangiectatic  elephan- 
tiasis OF  THE  LBG. 
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body,  but  is  commonest  in  the  lower  limbs  (Fig.  295)  and  ex- 
ternal genitals.  The  enormous  thickening  and  overgrowth  of  the 
integuments  lead  to  great  deformity  of  the  affected  part.  The 
leg  becomes  thick  and  clumsy,  and  as  the  thickening  extends 
downwards  the  distinction  between  foot  and  leg  is  gradually  lost, 
and  the  limb  at  length  looks  like  an  elephant's.  The  scrotum 
grows  till  it  forms  an  enormous  tumour,  sometimes  weighing  a 
hundred  pounds  or  more. 

The  affected  parts  of  the  skin  in  elephantiasis  are  dense,  hard, 
rough,  white,  and  brawnj'^-looking  (^elephantiasis  dura),  or  soft, 
greyish,  and  lax  in  texture  (elephantiasis  mollis).  When  the  tis- 
sue is  cut  into,  a  more  or  less  abundant  escape  of  lymph  takes 
place.  In  the  latter  case  the  subcutaneous  tissue  often  contains 
dilated  and  cavernous  lymph-vessels  (elephantiasis  lymphangi- 
ectatioa). 

The  blood-vessels  may  be  dilated  and  hypertrophied,  or  alto- 
gether unaltered.  The  subcutaneous  and  even  the  deeper-lying 
connective  tissue  is  liable  to  be  involved  in  the  general  hyper- 
trophy. The  surface  is  either  smooth,  the  horny  layer  being 
unaffected  (elephantiasis  glabra),  rough  and  warty  (elephantiasis 
verrucosa),  tuberculated  (elephantiasis  tuberosa),  or  covered  with 
papillomatous  excrescences  (elephantiasis  papillomatosa).  The 
horny  layer  is  frequently  thickened,  forming  either  a  continuous 
encasement,  or  an  armour  of  polygonal  scales  and  plates.  The 
condition  is  sometimes  described  as  acquired  ichthyosis  (Art.  166) 
or  keratosis. 

In  elephantiasis  consequent  upon  eczematous  and  ulcerous 
affections,  the  tissue  is  usually  cellular,  and  in  certain  places  has 
quite  the  appearance  of  granulation-tissue.  In  the  form  asso- 
ciated with  tuberculous  inflammation  (Art.  158)  the  hyperplastic 
tissue  also  contains  tubercles. 

On  the  other  hand,  the  tissue  is  in  some  cases  poor  in  cells  and 
coarsely  fibrous  in  its  texture,  giving  one  the  impression  that  the 
normal  fibrous  fasciculi  are  increased  not  so  much  in  number  as 
in  individual  thickness.  Between  these  two  extremes  there  are 
numerous  transitional  forms,  varying  in  the  proportion  of  cells 
contained  in  the  tissue,  in  the  coarseness  of  the  fibrous  fasciculi, 
and  in  the  thickness  of  the  individual  fibrillae. 


Sclerodermia  is  a  rare  and  very  peculiar  affection  of  unknown  origin, 
which  attacks  adults.  It  takes  the  form  of  local  or  general  stifEening  and  hard- 
ening of  the  skin  without  any  apparent  external  cause  :  it  is  somewhat  rapid 
in  its  onset,  and  then  remains  stationary  or  passes  away,  to  be  succeeded  by  a 
fresh  attack  or  ultimately  by  a  condition  of  cutaneous  atrophy.  It  affects  the 
face,  the  limbs,  and  also  the  trunk,  the  patient  often  being  literally  '  hide-bound.' 
The  slfin  feels  as  hard  as  a  board,  or  like  that  of  a  frozen  corpse  (Kaposi). 
It  is  said  (Chiari,  Dinkler,  and  Wolters)  that  in  the  hyperplastic  stage  the 
cutaneous  fibrillae  are  swollen  up,  and  that  new  connective  tissue  is  developed 
from  germinal  cellular  tissue.     The  vessel-walls  are  notably  thickened  at  an 
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early  stage,  the  lumen  being  thereby  obstructed  or  occluded.     Later  on  the 
hyperplastic  connective  tissue  undergoes  contraction. 

Sclerodermia  or  sclerema  neonatorum  is  a  hardening  of  the  subcutaneous 
connective  tissue  met  with  in  infants,  and  chiefly  affecting  the  legs  and  feet. 
According  to  Langer  ( Wien.  Sitzungsber.  1881,  and  Wien.  med.  Presse  xxii 
1881)  it  is  due  to  the  solidification  of  the  panniculus  adiposus  by  cold  ■when  the 
infant  becomes  collapsed.  The  fat  of  children  contains  more  palmitin  and 
stearin  and  less  olein  than  that  of  adults :  it  accordingly  solidifies  at  45°  C. 
Adult  fat  at  ordinary  temperatures  separates  into  two  layers :  the  upper  or 
liquid  layer  solidifies  at  0°  C,  while  the  lower  or  semi-solid  layer  liquefies 
at  36°  C. 
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CHAPTER  LVI 
NON-INFLAMMATORY  HYPERTROPHIES  AND   TUMOURS 

165.  The  skin  and  subcutaneous  tissue  are  among  the  struct- 
ures of  the  human  body  that  are  frequently  the  seat  of  local 
malformations.  These  textural  anomalies  are  either  already 
apparent  at  birth,  or,  during  the  period  of  active  growth,  rarely  in 
mature  years,  develope  from  occult  rudiments  into  visible  forms. 
All  the  constituent  tissues,  of  the  skin  may  be  equally  concerned 
in  the  morbid  development,  though  more  frequently  certain  com- 
ponents only  are  affected,  and  the  resulting  appearances  vary 
accordingly.  In  one  class  of  cases  the  epidermis  and  in  some 
measure  the  papillary  layer  are  chiefly  involved ;  in  a  second  the 
fibrous  elements  of  the  corium  or  of  the  subcutaneous  tissue,  or 
of  both  together ;  in  a  third  the  lymph- vessels ;  in  a  fourth  the 
blood-vessels  ;  in  a  fifth  the  nerves  ;  in  a  sixth  more  than  one  of 
the  above-named  structures  are  simultaneously  altered  and  abnor- 
mally developed. 

In  many  cases  the  affected  portions  of  the  skin  are  not  increased 
in  size,  the  normal  tissue  being  simply  superseded  by  tissue  of  ab- 
normal structure.  In  other  cases  the  affected  portion  is  enlarged, 
and  the  resulting  formation  is  then  reckoned  as  a  tumour  when  it 
is  local  and  circumscribed,  or  described  as  elephantiasis  when  it 
is  wide-spread  and  gives  rise  to  general  bulkiness  and  deformity 
of  the  part  concerned. 

166.  Ichthyosis  or  '  fish-skin '  disease  is  an  affection  of  the 
skin  characterised  by  the  formation  of  epidermal  scales,  flakes,  and 
plates,  and  of  warty  growths.  It  depends  on  some  developmental 
anomaly  of  the  skin,  and  in  particular  of  the  epidermis,  which  in 
utero  or  not  until  after  birth  (Fig.  296)  manifests  itself  by  per- 
version of  the  histological  characters  and  properties  of  the  epi- 
dermal layers. 

In  congenital  ichthyosis  (Fig.  296)  the  surface  is  beset  with 
horny  plates,  separated  by  fissures  and  furrows  produced  by  the 
growth  of  the  body  (^keratoma  diffusum').  The  fingers  and  toes 
are  usually  hide-bound  by  a  tough  continuous  horny  layer,  and 
their  development  is  accordingly  liable  to  be  arrested.  The  plates 
are  composed  of  closely-coherent  layers  of  horny  epidermal  ceils 
(Fig.  297  c),  enclosing  lanuginous  hairs  (e)  and  extending  into 
the  dilated  hair-follicles  (c?). 


AKT.   166] 


ICHTHYOSIS 


555 


Ichthyosis  appearing  after  birth  starts  with  an  eruption  of 
small  yellowish-red  or  brownish-red  somewhat  infiltrated  spots 


Fig.  296.    Congenital  ichthyosis. 


(Rona),  over  which  the  epidermis  becomes  dry  and  glistening. 
When  the  disease  is  well  advanced  the  horny  layer  is  enormously 
thickened,  laminated,  and  fissured ;    the  rete  Malpighii,  on  the 
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other  hand,  is  in  comparison  but  slightly  developed,  and  passes 
without  transition  into  the  horny  layer. 

In  ichthyosis  simplex  the  papillae  are  not  enlarged.     In  very 
slight  cases  the  skin  is  simply  beset  with  small  nodules  (Kaposi), 


MfeAdmum 


Fig.  297.    Congenitai,  ichthyosis. 
(Section  through  the  skin  of  the  trunk :  preparation  hardened  in  alcohol  and  staiTied 

with  picro-carmine :  X  40) 
a    corium  with  Its  glands  d    dilated  hair-f  oUicles  lined  with  horny 

6    papillary  layer  with  rete  Malpighii  epithelium 

c    hypertrophic  horny  layer  of  the  epider-       e    fine  hairs 
mis 


each  covered  with  a  thin  scale  and  containing  a  coiled-up  hair 
(lichen  pilaris  or  keratosis  pilaris').  This  condition  is  met  with 
chiefly  on  the  extensor  surface  of  the  limbs.  In  more  marked 
cases  contiguous  plates  or  scales  of  various  sizes  up  to  that  of  a 


"■^-^  '^^^^^i»>-  a 


Fig  298     Iohthyotic  wabt 

{Preparation  hardened  in  Muller  s  fluid,  stained  with  haeniatozylin  and  eosin,  and 

mounted  in  Canada  balsam :  x  70) 

It    corium  b    enlarged  papillae  c    stratified  horny  layer 
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sixpence  or  dime  are  formed,  attached  at  the  centre,  and  giving 
the  surface  the  appearance  of  crocodile-skin  (Ichthyosis  nitida). 
These  may  subsequently  become  scurfy  and  dirty  or  discoloured 
(ichthyosis  nigricans').  When  the  papillae  as  well  as  the  epider- 
mis are  hypertrophied,  the  surface  becomes  extraordinarily  rough 
and  irregular,  the  elevations  sometimes  standing  up  like  short 
quills  (ichthyosis  hystrix).  An  ichthyotic  vrart  (Fig.  298  h  c)  is 
produced  when  the  overgrowth  of  the  horny  layer  is  limited  to  a 
small  area,  and  the  underlying  papillae  are  enlarged. 

References  on  Ichthyosis. 

Begbie  :  Select  Works  London  1882 

Carbone  :  Congenital  ichthyosis  A.  per  le  scienze  med.  XV  1891 

Caspari  :  Congenital  ichthyosis  V.  f.  Derm,  xiii  1886 

EsoPF  :  Patliology  of  ichthyosis  F.  A.  69  1872 

Gaskoin  :  Cases  St  George's  Hosp.  Reports  ix  x  London  1879-80 

GiovANNiNi:  Ichthyosis  with  hypertrophy  of  the  sweat-glands  A.  f.  Derm. 

xxVii  1894 
Kyber  :  Diffuse  keratoma  in  an  infant  Wien.  med.  Jahrb.  1880 
Leloir  :  Cutaneous  affections  of  trophic  origin  A.  de  physiol.  1881 
E<5na  :  Ichthyosis  in  infancy  A.f.  Derm,  xxi  1889 
ScHABEL :  Congenital  ichthyosis  Inaug.  Diss.  Stuttgart  1856 
Unna  :  Hereditary  palmar  and  plantar  keratoma  V.  f.  Derm,  x  1883 

167.  Angiomata  or  haematangiomata  of  the  skin  are  forma- 
tions that  appear  in  the  period  of  embryonic  development  or  of 
extra-uterine  growth.  They  are  described  as  vascular  naevi 
when  they  take  the  form  of  circumscribed  red  spots;  moles  or 
soft  warts  when  they  are  rounded  and  protuberant ;  and  ele- 
phantiasis when  they  are  associated  with  extensive  thickening  of 


Fig.  299.    Congenital  cavernous  angioma  of  the  skin. 

(Preparation  stained  with  haematoxylin :  x  20) 

a    epidermis  6    corium  c    cavernous  Wood-spaces 

the  skin.  In  all  of  these  cases  the  textural  peculiarity  consists  in 
morbid  dilatation  over  a  limited  area  of  the  blood-vessels  of  the 
skin  or  of  the  subcutaneous  tissue,  sometimes  assuming  the  char- 
acters of  a  mere  telangiectasis  or  simple  angioma,  in  other  cases  of 
a  cavernous  angioma  (Fig.  299  e)  or  of  a  hypertrophic  angioma 
(Fig.  300). 
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Vascular  naevi  are  bright-red  or  purplish  blotches,  commonly 
described  as  '  mother's  marks '  or  '  port-wine  stains '  (naevi  vascu- 
losi  flammei,  and  naevi  vasoulosi  vinosi').  They  are  small  and 
circumscribed,  or  large  and  diffuse,  in  the  latter  case  sometimes 
covering  one-half  of  the  face.  Large  naevi  are  at  times  formed 
from  the  coalescence  of  smaller  ones,  or  are  surrounded  by  small 
red  spots.  They  either  lie  wholly  in  the  corium  and  papillary 
layer,  or  extend  into  the  subcutaneous  tissue.     The  skin  over  the 

affected  area  is  sometimes  of 
normal  thickness,  sometimes 
more  or  less  hyperplastic  (nae- 
VU8  prominens') . 

Vascular  naevi  taking  the 
form  of  soft  warts  are  bluish- 
red,  .  or  pale  and  without  any 
special  colour,  the  latter  being 
the  case  when  the  growth  tends 
to  assume  the  form  of  a  hyper- 
trophic angioma  whose  thiek- 
V^SS^'^l'^^^S^M!^^?^^  walled  vessels  contain  little 
^^^^^^^^^^^^^^W^       blood,  or  represent  little  more 

than  cylindrical  cellular  cords 
(endothelioma^ . 

Large  angiomata  giving  rise 
to  general  elephantoid  thicken- 
ing of  the  skin  and  subcutan- 
eous tissue  are  generally  of  the 
cavernous  type  (elephantiasis 
cavernosa').  When  the  tissue 
intervening  between  the  dilated  blood-vessels  undergoes  prolifer- 
ation, the  growth  tends  to  become  fibromatous,  and  to  lose  its 
telangiectatic  character. 

Of  the  same  nature  as  angiomatous  elephantiasis  is  the  great 
enlargement  of  the  nose  (rhinophyma  or  'bottle-nose')  described 
in  Art.  135  as  supervening  in  some  cases  of  acne  rosacea  (Fig. 
267).  There  is  however  this  difference,  that  in  the  latter  the 
dilatation  of  the  blood-vessels  is  slow  and  gradual,  and  that  the 
sebaceous  glands  (Fig.  267  ode)  play  an  essential  part  in  bringing 
about  the  thickening  of  the  skin. 

References  on  Angiomata  of  the  Skin. 

EsMARCH  and  Kulenkampff  :  Die  elephtantiastichen  Formen  Hamburg  1885 
Jarisch:  Cutaneous  tumours  A.f.  Derm,  xxvm  1894 
ViRCHOW :  Die  krankhaften  GeschwUlste  iii 
VoLKMANN  :  Beitrage  zur  Chirurgie  Leipzig  1875 

168.  Lymphangioma,  like  haematangioma,  appears  either  as 
a  local  textural  malformation  of  the  skin  without  increase  of  its 


Fig.  300.     Section  of  a  hypertrophic 

ANGIOMA    of    the    SKIN    AND    StTBOU- 
TANEODS  TISSUE. 

(2Vie  duct  of  a  sweat-gland  has  been  cut 
across  at  the  middle  of  the  section : 
preparation  stained  with  alum-car- 
mine, and  mounted  in  Canada  bal- 
sam :  X  200) 
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bulk,  as  a  circumscribed  or  diffuse  protuberance  or  wart,  or 
lastly  as  an  elephantoid  thickening  of  the  skin.  It  may  be  pale, 
or  reddened  owing  to  the  dilated  blood-vessels  it  contains,  in 
which  case  it  resembles  haematangioma.  Pigmented  varieties  are 
moreover  met  with,  and  these  include  the  formations  described  in 
Art.  137  as  sun-spots,  freckles,  moles,  and  xanthoma. 

Lymphangiomata  may  be  distinguished  according  to  their 
structure  as  telangiectatic,  cavernous  (Fig.  301),  cystic,  or  hyper- 
trophic; and  according  to  their  situation  as  cutaneous  or  sub- 
cutaneous. When  the  dilated  lymph-vessels  lie  in  the  papillary 
layer  beneath  the  epidermis,  lymph  sometimes  permeates  the 
latter,  or  forms  vesicles  or  bullae  upon  it,  especially  when  the 
tissue  becomes  from  any  cause  inflamed. 


Fig.  301.    Subcutaneous  cavernous  lymphangioma. 
(Preparation  stained  with  alum-carmine,  aiid  mounted  in  Canada  balsam :  x  20) 


a    dilated  lymph-vessel 
b    connective  tissue 
c    fatty  tissue 


blood-vessel 
cellular  infiltration 


Lymphangiomata  occur  on  the  head  and  limbs,  and  also  on  the 
trunk.  Those  which  give  rise  to  elephantoid  deformity  about 
the  external  genitals,  lips,  or  trunk,  are  sometimes  purely  lym- 
phangiomatous  in  structure ;  but  it  not  infrequently  happens  that 
somewhat  extensive  fibrous  hyperplasia  takes  place  in  the  affected 
part,  and  the  growth  assumes  more  and  more  the  form  of  a  fibro- 
matous  elephantiasis  with  numerous  lymphatics. 

The  warty  forms  have  also  at  times  a  typical  structure,  char- 
acterised by  its  wide  lymph-spaces,  this  being  especially  the  case 

the  wide-spread   diffuse  variety.     But   more  frequently   the 


in 
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growth  possesses  the  characters  of  hypertrophic  lymphangioma 
or  endothelioma,  indicated  by  the  presence  of  circumscribed 
nests  of  large  cells  lying  in  the  corium  (Fig.  B02  dd^.  When 
the  cell-nests  are  for  the  most  part  situated  in  the  papillary  layer, 
and  the  papillae  are  thereby  enlarged  (Fig.  302),  uneven  tuberous 
warts  are  formed,  When  the  morbid  overgrowth  chiefly  ajEfects 
the  corium,  the  warts  are  but  slightly  uneven  (Fig.  303),  or  per- 
fectly smooth,  and  project  above  the  surface  as  little  nodules 
(^endothelioma  tuberosum'). 


Fig.  302.    Section  through  two  papillae  from  a  tuberous  hard  wart. 

{Caroline-staining:  x  50) 
thickened  horny  layer  of  the  epidermis      d    cell-nestsandclustersinthe papillae, and 


'  pearl '  of  epidermal  cells 
rete  Malpighii 


di  in  the  reticular  tissue  of  the  corium 
e     connective  tissue 


When  the  overlying  horny  layer  remains  unaltered  (Fig.  303) 
they  are  soft  (fleshy  or  soft  warts,  verruca  mollis  or  carnea)  ;  but 
hypertrophy  of  this  layer  (Fig.  302  a)  causes  them  to  become 
hard  (verruca  dura)  and  similar  in  appearance  to  ichthyotic 
warts  (Fig.  298). 

Among  the  pigmented  forms  of  hypertrophic  lymphangioma, 
the  pigmented  naevi  or  moles  are  those  which  have  the  largest 
cell-nests,  especially  when  the  skin  over  them  is  thickened 
(naevus  pigmentosus  prominens,  verrucosus,  or  papillomatosus). 
Freckles  and  sun-spots  have  small  and  scanty  cell-nests.     The 
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pigment  lies  partly  within  the  nest-cells,  partly  in  the  ordir 
connective-tissue  cells  and  in  the  deeper  layers  of  the  epiderr 
it  consists  of  brown  and  yellow  granules,  but  the  cells  are  so 
times  uniformly  stained. 

Xanthelasma  or  xanthoma  (yitiligoidea)  which  appear: 
spots  of  a  sulphur-yellow  or  brownish-yellow  colour,  level  with 
surface  (xanthelasma  planum}  or  raised  in  nodules  (xanthela 
tuberosum'),  also  contains  clusters  of  large  cells,  but  these  di 
from  the  nests  of  pigmented  and  unpigmented  warts  and  mole 
that  they  are  larger  and  are  infiltrated  with  oil-globules.  5 
thoma  might  accordingly  be  described  as  a  form  of  lipomai 
lymphangioma  or  endothelioma.  In  some  cases  it  is  an  inher 
or  family  peculiarity,  appearing  most  frequently  about  the  i 
lids.  Now  and  then,  though  rarely,  it  appears  as  a  multiple  aJ 
tion  in  various  other  parts  of  the  body  (xanthelasma  multiplex 


FiG.  303.    Section  through  a  slightly  tuberous  soft  wabt 
{Aniline-brown  staining :  x  10) 
a    epidermis  c    cellular  growth  in  the  cutis_ 


b    cutis 


e     cellular  growth  in  the  papillae 


Occasionally,  in  both  the  pigmented  and  the  non-pigmei 
varieties  of  endothelioma,  some  of  the  cellular  clusters  are 
defined  from  the  connective  tissue,  passing  gradually  into  it 
taking  the  form  of  diffuse  cellular  infiltrations  within  it.  Mi 
nant  neoplasms  are  moreover  apt  to  start  in  fleshy  warts 
moles  ;  they  are  nearly  always  sarcomatous,  and  generally  of 
alveolar  variety. 

Moles  are  often  beset  with  numerous  thick  hairs,  and  are  i 
called  hairy  moles  (naevi  jpilosi) . 

For  a  description  of  nerve-naevi  see  Art.  169. 

Xerodermia  pigmentosum  (Kaposi),  or  progressive  lentiginous  me 
sis  (Pick),  is  a  peculiar  and  rare  affection  of  the  skin,  depending  upon 
congenital  anomaly  of  structure,  and  appearing  in  early  infancy  in  parts  o: 
skin  that  are  exposed  to  light.  It  begins  with  recurrent  eruptions  of  red  s 
which  desquamate  and  disappear,  leaving  behind  them  pigmented  specks 
freckles,  the  surrounding  capillaries  being  dilated,  and  the  skin  meam 
becoming  smooth  and  atrophic.  At  a  later  stage  wart-like  protuberi 
2o 
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appear  on  the  affected  parts,  and  these  are  apt  to  develope  into  cancerous 
growths  (Elsenbebg:  Xerodermia  pigmentosum  A.  f.  Derm,  xxii  1890). 
The  affection  usually  runs  in  families  (Crocker  :  Med.-chir.  Trans,  lxvii  Lon- 
don 1883 ;  Anderson  :  B.  M.  J.  1 1889). 

Perthes  has  described  as  calcified  endothelioma  certain  multiple  calcar 
reous  and  tumour-like  nodes  found  in  the  subcutaneous  tissue,  and  is  of  opinion 
that  some  of  the  formations  which  have  been  described  as  examples  of  calcified 
epithelioma  should  be  regarded  as  of  the  nature  of  endothelioma. 


References  on  Lymphangioma  (^Endothelioma')  of  the  Skin,  including 

Xanthoma 

Anderson  :  Xanthoma  multiplex  B.  M.  J.  ii  1892 

Bryk:  Lymphangioma  ^ ._/!  ^Zin.  Chir.  xxiv 

Chambard  :  Histology  of  xanthelasma  A.  de physiol.  vi  1879,  Ann.  de  derm. 

V1884 
Demie'villb  :  Pigmented  moles  and  spots  V.  A.  81  1880 
Ehrmann  :  Multiple  symmetrical  xanthelasma  and  lipoma  Beitrage  von  Bruns 

IV  1888 
EsMARCH  and  Kulenkampfp  :  Die  elephantiastischen  Formen  Hamburg  1885 
Hutchinson,  Sangster,  and  Crocker:   Report  on  cases  Trans.  Path.  Soc. 

xxxiii  London  1882 
KoBNER  :  Xanthoma  starting  from  pigmented  moles  V.  f.  Derm,  xv  1888 
Kromayer  :  Endothelioma  tuberosum  colloides  V.  A.  139  1895 
Langhans  :  Lymphangioma  of  the  lower  extremity  V.  A.  75  1879 
Lehzen  and  Knauss  :  Xanthoma  multiplex  tuberosum  V.  A.  116  1889 
ZUR  Nieden:  Lymphangiectasis  with  lymphorrhagia  F.  -4.  90  1882 
Perthes  :   Calcified  endothelioma  of  the  skin  Beitrage  von  Bruns  xii  1894 

(with  references) 
VON  Planner  :  Congenital  naevus  F.  /  Derm,  xiv  1887 
Poensgen:  Xanthelasma  multiplex  F.  A.  91  1883 
Pye-Smith  :  Xanthelasma  Guy's  Hosp.  Reports  xxii  London  1877 
VON  Recklinghausen  :  Die  multiplen  Fihrome  der  Haul  Berlin  1882 
Schmidt  :  Lymphangioma  A./.  Derm,  xxii  1890 
ToROK  :  Nature  of  xanthoma  Ann.  de  derm,  iv  1893 
TouTON :  Xanthelasma  V.  f.  Derm,  xii  1885 
Variot:  Congenital  melaiiodermia  A.  de  physiol.  x  1887 
de  Vincentiis  :  Xantlionia  A.  ital.  de  biol.  iv  1883 
ViRCHOW :  Die  krankhaften  Geschwulste  iii 
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Fio.  304.    Neuuofibroma  molluscum. 
(Injected preparation  stained  with  haematoxylin:  x  20) 
a  •  fibioiua       b    thinned  and  flattened  papilla 


169.  Fibromata  of 

the  skin  usually  occur 
in  the  form  of  multiple 
nodes,  the  smallest  of 
which  are  barely  visi- 
ble, or  lie  embedded 
and  hidden  in  the  skin, 
while  the  larger  ones 
often  reach  a  consid- 
erable size  and  are  ele- 
vated above  the  sur- 
face. Multiple  cu- 
taneous fibroma  (Fig. 
306)  is  usually  a  soft 
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growth,  and  has  therefore  received  the  name  of  fibroma  mol- 
luscum.  VON  Recklinghausen  has  shown  that  the  tumour 
starts  from  the  small- 
er cutaneous  nerves, 
whose  fibrous  envel- 
opes become  prolifer- 
ous and  form  aggre- 
gations of  cellular  and 
finely-fibrous  tissue, 
seated  in  the  form 
of  nodes  (Fig.  304) 
either  wholly  within 
the  corium,  or  in  the 
papillary  layer  also. 
The  tumours  are  ac- 
cordingly reckoned 
among  the  neurofib- 
romata  (Art.  133). 

Neurofibroma  may 
be  limited  to  the  re- 
gion supplied  by  par- 
ticular nerves,  or  dis- 
tributed over  the 
whole  body.  It  is 
not  infrequently  asso- 
ciated with  the  ap- 
pearance of  fibromata 
on  the  large  subcu- 
taneous or  deeply- 
lying  trunks  and 
branches  of  the  nerves 
(Art.  133). 

A  large  soft  growth 
starting  from  a  single 
nerve  is  spoken  of 
as  elephantoid  mol- 
luscum.  When  the 
proliferous  over- 
growth of  the  endo- 
neurium  gives  rise  to 
a  convoluted  or  in- 
terlacing plexus  of 
thickened  and  fibro- 
matous  nerves  (Fig. 
265)  the  formation  is 
called  a  pampiniform 
or  plexiform  neuroma.  A  neuroma  of  this  kiiid  sometimes 
causes  more  or  less  extensive  thickening  of  the  skin,  partly  from 


Fig.  305. 


MOLTIPLE  NEUROFIBROMATA    OF  THE  SKIN. 

(^After  VON  Recklinghausen) 
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its  own  bulk  and  partly  from  its  association  with  diffuse  fibrous 
hyperplasia  of  the  corium  and  subcutaneous  tissue,  and  the  condiT 
tion  is  then  described  as  neuromatous  elephantiasis  or  pachy- 
dermia (Fig.  306). 

Neuromatous  elephantiasis  is  one  of  the  commonest  of  the  cuta- 
neous hyperplastic  deformities  due  to  congenital  causes,  and  gen- 
erally takes  the  form  of  loose  overgrown  and  lobate  foldings  of 
the  skin,  reminding  one  of  the  hide  of  some  of  the  pachyderms. 
It  has  been  variously  described  as  dermatolysis,  pachydermatocele 

(Valentine  Mott), 
elephantiasis  mollis 
(ViKCHOw),  and  lobate 
elephantiasis  (Volk- 
mann).  The  surface 
of  the  hypertrophied 
parts  is  smooth  or  tu- 
berous, and  is  some- 
times beset  with  pig- 
mrnted  moles. 

The  number  of  neu- 
r"libromata  present  in 
ill-  thickened  and  over- 
jniwn  integument 
(  1  ig.  307 //i)  may  be 
1  1 1  ge  or  small,  and 
1  I  lies  greatly  in  differ- 
'  111,  parts.  The  nerve- 
lil't-es  (^f)  usually  lie  in 
ihu  centre  of  the  nodes. 
The  hyperplastic  tissue 
(c  k")  lying  between  the 
growths  is  usually  more 
cellular  than  is  normal 
connective  tissue. 

Besides  the  haemat- 
angiomatous,  lymph- 
angiomatous,  and  neur- 
omatous forms  of  ele- 
phantiasis, there  is  a 
simply  fibrous  elephantiasis,  in  which  all  of  the  connective-tissue 
elements  of  the  skin  and  subcutaneous  tissue  appear  to  be  equally 
hyperplastic.  Of  this  nature  are  some  of  the  cases  described  as 
dermatolysis.  Certain  kinds  of  warts  also  are  essentially  due  to 
excessive  fibrous  hyperplasia.  It  sometimes  happens  too  that  a 
morbid  overgrowth  of  the  adipose  tissue  brings  about  elephantoid 
deformity  of  certain  portions  of  the  body ;  this  might  be  termed 
lipomatous  elephantiasis.  All  of  these  varieties  of  elephantiasis 
may  be  combined  in  different  ways  in  the  same  patient. 


Fig.  306. 


Neuromatous  elephantiasis  or  pachy- 
dermia OF  THE  THIGH. 


KEUEOPATHIC  PAPILLOMA 


Fig.  307.    Skin  with  neurofibromata  B'rom  a  case  op  pachydermia  (Fig.  306). 

(Preparation  hardened  in  alcohol,  stained  with  alum-carmine,  and  mounted  in  Canada 

balsam:  x  18) 


a  epidermis 

6  Dormal  corium 

c  hyperplastic  and  cellular  corium 

d  enlarged  papillae 

di  hyperplastic  sub-papillary  tissue 

e  aggregations  of  cells 


//l  fibromata 

g     nerve-fibres  within  the  fibromata 
h     vessels 

i      coiled  tubules  of  sweat-glands  sur- 
rounded by  proliferous  tissue 
h     lobules  of  proliferous  fatty  tissue 


Neuropathic  papilloma  (Gerhardt),  naevus  unius  lateris  (von  Baken- 
sprung),  or  nerve-naevus  (Th.  Simon)  takes  the  form  of  papillary  pigmented 
wart-like  nodules,  which  appear  in  the  skin  in  small  or  large  numbers,  and  in 
their  distribution  generally  follow  the  course  of  one  or  more  of  the  cutaneous 
nerves.  According  to  von  Baeenspkung,  Gerhardt,  von  Recklinghausen, 
and  others,  these  excrescences  are  of  neuropathic  origin,  and  von  Reckling- 
hausen suggests  that  they  are  due  to  a  congenital  neuritis  setting  up  vaso- 
motor disturbances.  Whether  the  affection  has  any  special  relation  to  the 
nerves  appears  to  be  still  questionable. 


References  on  Fibromata  of  the  Skin  and  Neuromatous 
Elephantiasis. 

Bruns  :  Plexiform  neuroma  V.  A.  50  1870,  and  Beitrage  von  Bruns  viii  1891 

Courvoisier  :  Die  Neurome  Basle  1886 

Czbrny:  Neurofibroma  A.f.  klin.  Chir.  xvii 

Esmarch  and  Kulenkampff  :  Die  elepMntiasiischen  Pormen  Hamburg  1885 

Jordan  :  Congenital  elephantiasis  Ziegler's  Beitrage  viii  1890 
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Lahmanx  :  Multiple  fibroma  and  its  relation  to  neurofibroma  V.  A.  101  1885 
Nauwerck  and  Hurthle  :  Neuromatous  elephantiasis  Ziegler's  Beitrage  1 1886 
Philippsojst  :  Fibroma  moUuscum  V.  A.  118  1889 
VON  Recklinghausen  :  Die  multiplen  Fibrome  der  Haut  Berlin  1882 
ViRCHOw :  Die  hrankhaften  Geschwiilste  in 

References  on  Neuropathic  JPapilloma. 

VON  Barensprung  :  Naevus  unius  lateris  Charite-Annalen  xi  1863 
EsMARCH  and  Kulenkampff  :  Die  elephantiastischen  Formen  Hamburg  1885 
Kroner  :  Papilloma  neuropathicum  (case)  Inaug.  Diss.  Wiirzburg  1890 
Naegele  :  Papilloma  neuropathicum   frontis   (case)  Inaug.  Diss.  Wiirzburg 

1886 
Neumann;  Naevus  papillaris  (Thomson)  Oesterr.  Jahrb.  f.  Padiatrik  ii  1878 
VON  Recklinghausen  :  Die  multiplen  Fibrome  der  Haut  Berlin  1882 
Simon  :  Nerve-naevi  A.f.  Derm,  iv  1872 
Spietschka  :  Nerve-naevi  A.f.  Derm,  xxvii  1894 

170.  Among  the  connective-tissue  growths  starting  in  the 
cutis,  but  of  non-nervous  origin,  fibroma  is  one  of  the  commonest: 
it  usually  takes  the  form  of  firm  rounded  nodes.  Keloid  is  a  very- 
rare  variety  of  fibroma.  It  appears  in  the  form  of  a  tuberous, 
discoid,  band-like,  stellate  or  radiating  growth  seated  in  the  corium 
beneath  the  unaltered  papillary  layer.  When  fully  developed  the 
growth  consists  almost  exclusively  of  bundles  of  coarse  fibres.  In 
its  earlier  stages  it  contains  numerous  spindle-cells. 

Cicatricial  keloid  grows  from  a  scar,  and  is  not  at  all  points 
covered  with  intact  papillae.  In  other  respects  it  may  resemble 
true  keloid.  '  Addison's  keloid,'  now  known  as  morphoea,  is  not 
related  to  these  neoplasms :  it  is  a  hypertrophic  condition  some- 
what similar  to  sclerodermia. 

Leiomyoma  is  a  rare  tumour  appearing  in  the  form  of  single 
or  multiple  nodes  from  the  size  of  a  pin's  head  to  that  of  a 
walnut.  It  may  originate  from  the  unstriped  muscular  fibres 
of  the  arrectores  pili,  or  from  those  of  the  vessel-walls;  in  the 
latter  case  it  is  apt  to  be  associated  with  local  dilatation  of  the 
capillaries,  or  telangiectases,  the  combination  being  described  as 
angiomyoma. 

Sarcoma  takes  the  form  of  nodular  or  papillomatous  tumours, 
more  or  less  raised  above  the  surrounding  surface.  The  larger 
sarcomata  sometimes  assume  the  shape  of  a  short  pedunculated 
mushroom,  or  of  a  large  wart.  They  are  usually  solitary,  but  now 
and  then  instances  occur  in  which  a  large  number  of  sarcomatous 
growths  appear  in  the  skin  simultaneously  or  in  quick  succession. 

Cutaneous  sarcoma  may  be  round-ceUed,  spindle-celled,  or 
mixed.  Melanotic  and  alveolar  sarcomata  are  not  uncommon; 
they  originate  from  cellular  warts  and  pigmented  moles,  and  cor- 
respond closely  with  these  in  their  general  structure.  They  are 
highly  malignant. 

The  diseases  comprised  under  the  term  general  sarcomatosis 
of  the  skin,  and  characterised  by  a  rapidly-spreading  eruption  of 
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neoplastic  nodes,  are  probably  in  certain  cases  due  to  some  un- 
known form  of  infection,  in  others  to  the  development  of  leuk- 
aemic  or  pseudo-leukaemic  lymphoma  (Aening,  Hochsingee, 
ScHiFF,  Joseph,  Totjton). 

Lipomata  of  the  skin  and  subcutaneous  tissue  are  very  fre- 
quently met  with,  and  sometimes  reach  a  considerable  size.  The 
region  of  the  shoulder  is  a  favourite  seat.  Myxoma,  enchon- 
droma,  and  osteoma,  are  less  common  than  lipoma.  Myxoma  and 
myxofibroma  are  generally  connected  with  the  external  genitals 
in  women. 

Cancer  (cancroid  or  epithelioma)  is  by  far  the  most  important 
©f  the  epithelial  neoplasms  of  the  skin.  The  carcinomatous  pro- 
liferation may  start  not  only  in  the  epidermis,  but  in  the  epithe- 
lium of  the  sebaceous  glands  and  hair -follicles,  probably  also  in 
that  of  the  sweat-glands.  Stratified  spherules  of  horny  epidermis 
are  found  in  the  epithelial  ingrowths  of  many  cases  of  cutaneous 
carcinoma,  and  the  tumours  have  accordingly  been  described  as 
squamous  or  horny  cancers.  In  very  rare  cases  calcification  of 
the  tumour  takes  place  (Art.  171). 

Thieesch  distinguishes  a  flat  or  superficial  and  a  deep  or 
infiltrating  form.  The  former  is  met  with  chiefly  in  the  lip,  fore- 
head, and  nose  ;  and  is  characterised  by  the  fact  that  the  epithe- 
lial ingrowths  and  processes  are  short  and  shallow.  It  generally 
appears  as  a  slightly-raised  ulcer  with  infiltrated  borders,  due  to 
the  breaking  down  of  a  primary  cancerous  node.  Its  growth  is 
usually  very  slow,  and  it  may  cicatrise  at  the  centre  while  the 
marginal  ulceration  continues  to  advance  (cicatrising  epithelioma). 
In  other  cases  the  process  of  disintegration  is  more  rapid,  and  the 
ulcer  steadily  increases  in  depth  and  extent.  This  form  is  some- 
times described  as  rodent  ulcer,  and  chiefly  affects  the  upper  part 
of  the  face. 

The  deep  or  infiltrating  form  usually  gives  rise  to  irregularly- 
shaped  ulcerations,  due  as  in  the  former  case  to  the  breaking  down 
of  nodular  epithelial  growths.  From  the  floor  and  edges  of  the 
ulcer  often  rise  large  warty  protuberances,  giving  the  affection 
the  appearance  of  a  papillomatous  tumour.  This  form  produces 
metastases  oftener  than  the  other. 

The  superficial  and  the  deep  forms  are  not  very  sharply  differ- 
entiated the  one  from  the  other,  and  intermediate  forms  occur. 
In  fact,  the  processes  of  cancerous  infiltration,  proliferation  of  the 
fibrous  tissue,  and  ulcerous  disintegration  may  be  combined  in 
numerous  ways,  and  give  rise  to  the  great  diversity  of  appearance 
observable  in  the  several  forms  of  the  disease. 

Epithelioma  most  frequently  attacks  parts  where  epidermis 
passes  into  mucous  membrane  —  such  as  the  lower  lip,  nose,  eye- 
lids, prepuce,  anus,  external  female  genitals,  etc.  Occasionally  it 
seems  to  start  in  warts  or  callosities,  or  in  scars,  pustules,  and 
ulcers,  and  not  infrequently  in  the  floor  of  an  acutely-spreading 
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lupous  ulcer  or  in  a  lupus-scar.  It  may  begin  subcutaneously, 
and  then  originates  in  the  epithelium  lining  embryonic  involutions 
of  the  skin  (branchiogenous  carcinoma)  or  forming  part  of  the 
epiblastic  medullary  canal,  which  has  persisted  untransformed  in 
the  subcutaneous  tissue.  Other  epidermoid  structures  connected 
with  the  skin  may  likewise  become  abstricted,  and  afterwards 
furnish  a  starting-point  for  deep-seated  epithelial  growths  that 
have  no  visible  relation  to  the  superficial  epidermis.  The  growths 
assume  the  characters  of  carcinoma  or  of  papillary  cystadenoma, 
are  usually  nodose  in  form,  and  are  sharply  marked  off  from  the 
surrounding  tissue.  Probably  some  of  them  start  from  wens  or 
atheromata  (Art.  171),  or  from  abstricted  portions  of  hair- 
follicles. 

English  pathologists  have  distinguished  between  superficial  epithelioma 
and  what  is  termed  rodent  ulcer  by  surgeons.  In  the  former  the  neoplastic 
cells  are  of  an  epidermal  type,  in  rodent  ulcer  proper  they  are  epithelial  rather 
than  epidermal,  having  small  nuclei  and  but  little  stability,  as  if  they  were 
derived  from  gland-cells :  they  have  been  regarded  as  derived  from  the  cells  of 
the  sweat-glands  (Thin),  or  of  the  outer  root-sheaths  of  the  hairs.  See 
Thiersch  (loc.  cit.),  Moore  {Rodent  cancer  London  1867),  Warren  (Med. 
Times  and  Gaz.  I  1880),  Thin,  Fox,  Butlin,  and  others  {Trans.  Path.  Soc. 
XXIX,  XXX  London  1878-79). 

Adenoma  of  the  sweat-glands  is  a  rare  tumour :  it  grows 
slowly,  and  appears  in  the  form  of  small  nodes. 

Secondary  neoplasms  of  the  skin  are  on  the  whole  not  very 
common,  though  they  do  occur  in  connexion  with  both  connective- 
tissue  and  epithelial  tumours.  Malignant  growths  of  the  skin 
itself  are  the  most  apt  to  spread  in  it,  and  give  rise  to  daughter- 
tumours.  Of  growths  in  other  organs,  mammary  carcinoma  is 
that  which  most  frequently  gives  rise  to  cutaneous  metastases. 


References  on  Tumours  of  the  Skin  (see  also  Art.  171). 

Babes:  Keloid  V.f.  Derm,  vii  1880 

Bayha  :  Lupus-carcinoma  Beitrage  von  Bruns  iii  1887 

Braun  :  Endothelioma  of  the  skin  A .  f.  klin.  Chir.  xliii 

Darier:  Epithelioma  of  the  sweat-glands  A.  de  med.  exp.  1 1889 

D^NBRiAz  :  Keloid  These  (Berne)  Geneva  1887 

Hess  :  Subcutaneous  ciliated  cyst  Ziegler's  Beitrage  viii  1890 

HocHSiNGER  and  SciiiFr:  Leukaemia  of  the  skin  V.f.  Derm,  xiv  1887 

Israel  :  Follicular  epithelioma  Virchow's  Festschrift  (Assistenten)  Berlin  1891 

Jadassohn  :  Multiple  myoma  V.  A .  121  1890 

Jacobsoiin:  Keloid  A.f.  klin.  Chir.  xxx 

Jarisch:  Tumours  of  the  skin  A.f.  Derm,  xxviii  1894 

Joseph  :  Pseudo-leukaemia  of  the  skin  Verhandl.  d.  deutschen  dermat.  Gesellsch. 

Vienna  1892 
Knauss  :  Cylindrical-celled  epithelioma  of  the  sweat-glands  V.  A.  120  1890 
Kromayer:  Endothelioma  tuberosum  coUoides  V.  A.  139  1895 
Langhans  :  Keloid  V.  A.  40  1867 
LiRON :  Sur  la  cheloide  inguinale  spontanee  Paris  1887 
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Lukasiewicz:  Multiple  dermatomyomata  A.f.  Derm,  xxiv  1892 

Mathieu  :  Four  cases  of  benign  epithelioma  A.  gen.  de  med.  1881 

MicHALEFF  :  Case  of  subcutaneous  papilloma  Inaug.  Diss.  Freiburg  1892 

Neelsen:  Keloid  A.f.  klin.  Chir.  xxiv 

Paltauf  :  Lymphatic  diseases  of  the  skin  A.f.  Derm,  xxiv  1892 

Perrin  :  Cutaneous  sarconiatosis  These  Paris  1886 

Perthes  :  Calcified  endothelioma  Beitrdge  von  Bruns  xii  1894 

Petersen  :  Multiple  tumours  of  the  tubular  glands  A.  f.  Derm,  xxiv  1892 ; 

Diseases  of  the  sweat-glands  ibidem  xxv  1893  (with  references) 
RiGAUD :  Disseminated  epithelioma  These  Paris  1878 
ScHiJTZ  ;  True  keloid  in  combination  with  cicatricial  keloid  A.f.  Derm,  xxix 

1894 
Spiegler  :  Carcinomatosis  cutis  (so-called)  A.f.  Derm,  xxvii  1894 
Steinhatjser  :  Lupus-carcinoma  Beitrdge  von  Bruns  xii  1894 
Thiersch  :  Der  Epithelialkrebs,  namentlich  der  Haut  Leipzig  1865 
ToMMASOLi:  Epithelioma  verrucosum  abortivum  A.f.  Derm,  xxvi  1894 
TouTON :  Sarcomatosis  of  the  skin  MUnch.  med.  Woch.  1893  (with  references) 
VoLKMANN,  R. :  Primary  cancer  of  the  limbs  Samml.  klin.  Vortrdge  nos.  334- 

335  1889 
Yersin  :  Melanotic  tumour  A.  de  physiol.  vn  1886 


670  THE   SEBACEOUS    GLANDS,   ETC.  [CHAP.   LVH 


CHAPTER  LVII 
THE  SEBACEOUS   GLANDS,   HAIR,   AND  NAILS 

171.  The  epithelium  of  the  sebaceous  glands  normally 
secretes  an  oily  liquid  (sebum)  which  condenses  to  a  greasy 
lubricant.  If  the  secretion  becomes  over-abundant  we  have  what 
is  called  seborrhoea  (steatorrhoea,  tinea  or  adne  sehacea,  ichthyosis- 
gebaoea).  In  one  variety  scale-like  or  scurfy  deposits  are  formed 
on  the  surface  (^seborrhoea  sicca,  squamosa,  andfurfuracea^,  and  in 
another  the  skin  seems  smeared  with  an  oily  exudation  (seborrhoea 
oleosa). 

The  scales  and  crusts  consist  of  dried  sebum  and  horny  epi- 
dermis, and  are  apt  to  become  discoloured,  assuming  a  dirty- 
yellow,  grey,  or  black  tint :  they  sometimes  take  the  form  of 
large  continuous  scabs  or  flakes,  from  the  under  side  of  which 
processes  pass  into  the  openings  of  the  sebaceous  ducts. 

Seborrhoea  may  be  local  or  general.  The  local  variety  chiefly 
affects  the  scalp  and  the  external  genitals.  General  seborrhoea  is 
rare,  and  is  usually  met  with  only  in  new-born  infants  ;  the  abun- 
dant secretion  of  vernix  caseosa  which  is  normal  in  the  intra-uterine 
period  is  in  fact  continued  after  birth.  The  abundant  sebaceous 
secretion  from  the  glands  of  the  scalp  which  is  normal  during  the 
first  year  of  life  sometimes  gives  rise,  in  neglected  infants,  to  large 
fissured  dirty  cheesy -looking  crusts  or  cakes,  consisting  of  fatty 
matter,  dirt,  epidermal  scales,  and  hairs. 

When  the  scalp  only  is  affected,  the  dried  secretion  taking  the 
form  of  abundant  branny  scales,  the  affection  is  called  dandriff 
(^pityriasis  furfuracea  capillitii,  or  porrigo  amianthaced);  when 
the  flakes  are  large  and  like  fish-scales  it  is  sometimes  called 
ichthyosis  sebacea. 

Asteatosis  (xerodermia'),  in  which  the  sebaceous  secretion  is 
diminished,  is  rare  as  an  idiopathic  affection.  It  is  usually  sec- 
ondary to  other  affections  like  ichthyosis,  porrigo,  psoriasis,  pity- 
riasis rubra,  leprosy,  etc.  The  skin  becomes  dry  and  fissured,, 
and  is  shed  in  scales  or  flakes. 

Various  disorders  of  the  skin  are  due  to  the  accumulation  of 
sebum  in  the  glands  or  ducts  in  consequence  of  interference  with 
its  excretion.  The  obstruction  is  usually  due  to  the  drying  of 
sebum  or  the  deposit  of  dirt  at  the  mouth  of  the  duct.     Changes. 
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in  the  composition  of  the  secretion  sometimes  give  rise  to  its 
retention.     The  following  varieties  are  distinguished. 

(1)  Comedones  (Fig.  267  e)  are  small  elevations  of  the  skin 
due  to  plugging  of  the  sebaceous  ducts,  or  of  the  common  opening 
of  duct  and  hair-follicle.  When  the  plug  is  squeezed  out  it 
appears  as  a  whitish  and  somewhat  firm  pear-shaped  or  cylindri- 
cal mass  of  the  size  of  a  pin-head,  the  superficial  end  being  stained 
black  or  brown.  It  consists  of  sebum  and  horny  epidermal  cells, 
and  often  contains  one  or  more  minute  hairs. 

(2)  Milium  (grutum  or  acne  albida)  consists  of  small  roundish 
white  or  yellowish  elevations  of  the  skin,  due  to  the  accumulation 


Fig.  308.     Atrophy   and   cystic    degeneration    op   the    hair-follicles    and 
sebaceous  glands  of  the  scalp. 

{,Pre'paration  hardened  in  alcohol,  stained  with  Bismarek-brown,  and  mounted  in 

Canada  balsam :  X  20) 


a    epidermis 

b    corium 

c  atrophic  hair-follicle  containing  downy 
hairs  below  and  scales  of  horny  epi- 
dermis at  its  outlet 

d    obliterated  hair-follicle  devoid  of  hair 


e    hair-follicle  with  sebaceous  gland 

/    atrophic  sebaceous  gland 

g    cyst  with  small  cast-off  hairs 

gi  cyst  with  enclosed  atheromatous  matter 

h    small  hair  seated  on  the  wall  of  the  cyst 

i     sweat-gland 


of  epidermal  cells  in  sebaceous  glands.  Milium  sometimes  gives 
rise  to  cystic  dilatation  of  the  associated  hair-follicle.  The  skin 
of  the  eyelid  is  a  favourite  seat.  When  the  nodule  is  incised  and 
the  contents  evacuated,  they  are  found  to  consist  of  a  smooth  or 
rough  and  lobate  core  composed  of  epidermal  cells  and  sebum. 

(3)  When  a  group  of  sebaceous  glands  become  enlarged  by 
excessive  accumulation  of  epithelial  cells  within  them,  polypoid 
and  sometimes  pedunculated  excrescences  are  produced,  which 
have  been  called  acrochordon.  Such  growths  appear  generally 
in  aged  persons,  about  the  eyelids  and  on  the  sides  and  nape  of 
the  neck. 
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(4)  Wens  or  sebaceous  cysts  {atheroma  or  steatoma')  are  usu- 
ally due  to  distension  of  the  duct  of  a  sebaceous  gland  and  hair- 
follicle  (Fig.  308  g  g^  K)  by  accumulated  secretion.  Remains  of 
embryonic  clefts,  or  epithelial  structures  which  have  in  some  ab- 
normal fashion  become  embedded  in  the  corium  or  subcutaneous 
tissue,  sometimes  form  the  starting-point  for  these  cysts,  which 
are  occasionally  as  large  as  a  hazel-nut  or  walnut,  or  may  even 
reach  the  size  of  the  fist.  The  contents  consist  of  a  pulpy  greasy 
mass  composed  of  fatty  detritus,  cast-off  epidermal  cells,  and  often 
cholesterin,  enclosed  within  a  fibrous  capsule  lined  with  stratified 
squamous  epithelium.  In  the  case  of  cysts  originating  from  the 
hair-follicles  and  sebaceous  glands  the  capsule  is  smooth  on  its 
inner  surface,  and  the  epithelium  is  many-layered.  In  the  deep- 
seated  cysts  due  to  enclosure  of  foetal  residues,  the  capsule  pos- 
sesses the  structure  of  skin,  including  a  papillary  layer  covered 
with  epidermis.  Such  cysts  are  accordingly  classed  with  dermoid 
tumours. 

Papillary  outgrowths  at  times  rise  from  the  inner  surface  of  a 
wen,  either  from  traumatic  causes  or  idiopathically,  giving  rise  to 
endocystic  condylomata  or  papillomata ;  these  may  be  regarded 
as  akin  to  the  forms  comprised  under  the  term  papillary  cystoma. 
Sometimes  the  entire  cyst  is  packed  with  branching  cauliflower- 
growths.  In  rare  cases  the  structure  of  some  parts  of  the  growth 
resembles  that  of  carcinomatous  epithelioma.  Processes  of  corni- 
fication  and  calcification,  the  latter  affecting  both  the  epithelium 
and  the  connective  tissue,  are  apt  to  be  set  up  in  the  capsule  of  a 
wen,  transforming  it  into  a  hard  globular  tumour,  which  in  some 
cases  closely  resembles  an  osteoma. 

Wens  are  usually  seated  on  the  scalp,  the  back  of  the  neck,  or 
the  face,  more  rarely  on  the  trunk  or  limbs. 

References  on  Wens  and  on  Tumours  originating  from  them. 

Caspary:  Adenoma  sebaceum  A.f.  Derm,  xxiii  1891 
Chenantais  :  Calcified  epithelioma  of  sebaceous  glands  These  Paris  1881 
Chiari  :  Atheroma  and  encapsulated  epidermoid  tumours  of  the  subcutaneous 
connective  tissue  Tagebl.  d.  Naturforschervers.  in  Salzburg  1881 ;  The  gene- 
sis of  atheromar-cysts  Prager  Z.  f.  Heilk.  xii  1891,  and  Trans,  internat. 
med.  congr.  1890  ii  Berlin  1891 
FoRSTER  :  Dry  cancroid  Verh.  d.  phys.-med.  Gesellsch.  in  Wiirzhurg  x 
Franke  :  Atheroma  A .  f.  klin.  Chir.  xxxiv  1886-87 ;  Carcinomatous  degen- 
eration of  epidermoid  tumours  V.  A.  121  1890 
Lagrange  :  Anatomic  pathologique  et  pathoge'nie  du  chalazion  Paris  1889 
VON  Noorben  :  Calcified  epithelioma  Beitrage  von  Bruns  iii  Tiibingen  1888 
Peters  :  Calcified  endothelioma  Beitrage  von  Bruns  xii  1894 
Wernher  :  Atheroma,  an  encapsulated  epithelioma  V.  A.  8  1855 
Wilckens  :  Ossification  and  calcification  of  the  skiu  Inaug.  Diss.  Gottingen 

172.  Each  hair  according  to  its  size  has  a  definite  period  of 
existence.     When  this  is  at  an  end,  the  hair  is  shed  and  its  place 
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is  taken  by  a  new  one.  The  replacement  is  effected  by  the  cells 
at  the  tip  of  the  papilla  ceasing  to  grow  and  multiply,  in  conse- 
quence of  which  the  old  hair  with  its  inner  root-sheath  is  sepa- 
rated from  the  papilla,  which  thereupon  atrophies.  According 
to  Stieda  the  j^oung  hair  is  produced  by  a  new  papilla.  Long 
thick  hairs  live  longer  than  short  and  fine  ones. 

To  maintain  the  uniform  growth  of  the  hair  as  a  whole  a  con- 
stant relation  must  be  kept  up  between  the  loss  of  old  hairs  and 
the  production  of  new.  When  this  relation  is  disturbed  by  hind- 
rances to  production,  the  result  is  alopecia  or  baldness..  Kaposi 
distinguishes  the  following  forms. 

(1)  Alopecia  adnata,  or  congenital  deficiency  of  hair,  is  sel- 
dom an  enduring  condition. 

(2)  Alopecia  (^clavities)  acquisita  is  natural  in  old  age  (^alopecia 
senilis),  but  it  may  appear  much  earlier  (^alopecia  praematura').  In 
the  baldness  of  age  the  skin  exhibits  the  changes  described  in  Art. 
139  (Fig.  269)  ;  but  it  is  to  be  noted  that  they  do  not  appear  till 
after  the  hair  has  disappeared,  and  they  cannot  therefore  be  the 
cause  of  baldness. 

Alopecia  praematura  may  be  either  idiopathic  or  symptomatic. 
In  the  former  case  the  hair  falls  off  without  visible  disease  of  the 
skin.  Symptomatic  baldness  is  usual  as  a  result  of  inflammatory 
processes  which  induce  appreciable  changes  in  the  scalp,  such  as 
eczema,  erysipelas,  lupus,  syphilitic  eruptions,  etc.,  and  it  also 
accompanies  or  follows  affections  such  as  typhoid  fever,  syphilis, 
tuberculous  cachexia,  and  the  like.  The  continuous  development 
of  the  hair  from  its  bulb  is  interfered  with  by  the  inflammatory  pro- 
cess, and  the  hair  thus  ceases  to  grow  and  is  shed.  If  the  papillae 
are  not  destroyed  the  hair  may  afterwards  be  reproduced. 

When  the  denudation  takes  place  over  isolated  patches  the  af- 
fection is  described  as  alopecia  areata  (area  Celsi  oiporrigo  decal- 
vans).  Some  writers  (Grubb,  Malassez,  Thin,  Eichhokst, 
Lassar)  consider  this  affection  to  be  due  to  a  parasitic  fungus, 
while  others  (Barensprtjng,  Auspitz,  Kaposi,  Schwimmbr, 
Joseph,  Michelson,  Fournier)  look  upon  it  as  a  tropboneurosis. 
Others  again  (such  as  Eichhoff)  think  that  alopecia  areata  is 
not  always  due  to  the  same  cause,  while  Behrend  attributes  it  to 
some  local  disturbance  of  the  circulation.  The  loss  of  hair  may 
take  place  over  a  single  patch  or  in  many,  and  in  the  end  may 
extend  to  the  entire  surface  of  the  bftdy.  According  to  Bbhrend 
the  affected  hairs  are  infiltrated  with  minute  air-bubbles  down  to 
the  extreme  end  of  the  root.  In  most  cases  the  bald  spots  sooner 
or  later  become  covered  over  with  downy  hairs,  and  ultimately 
with  normal  hairs. 

Baldness  coming  on  during  adolescence  (i.e.  after  puberty),  in 
which  the  hairs  of  successive  crops  become  shorter  and  shorter 
lived,  and  the  scalp  is  covered  with  an  abundant  branny  or  floury 
desquamation,  is  described  as  alopecia  pityrodes  or  furfuracea. 
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Failure  of  the  hair  and  exfoliation  of  the  skin  are  simultaneous, 
the  cutis  is  attenuated  (PiNCUS),  and  the  hair-follicles  are  stunted 
and  atrophic  (Fig.  308  c).  The  scales  consist  of  morbidly-altered 
and  abnormallj-solidified  sebum. 

Alopecia  pityf odes  is  referable  either  to  some  inherited  predis- 
position or  to  one  or  other  of  the  diseases  mentioned  above. 

Trichorhezis  nodosa  is  an  anomalous  mode  of  growth  of  the 
hairs,  in  which  swollen  nodes  are  produced  in  their  course, whereat 
they  are  apt  to  break  off.  It  is  rare  as  a  general  affection,  but  is 
not  uncommon  in  the  case  of  single  hairs,  particularly  in  the  beard. 
According  to  Michelson  it  is  due  to  abnormal  dryness  of  the 
hair,  and  is  of  the  same  nature  as  the  terminal  splitting  and  fork- 
ing which  often  take  place  in  individual  hairs. 

Ringstreaked  hairs  {pili  annulati)  are  marked  with  bands 
alternately  light  and  dark.  The  light  bands  are  somewhat 
swollen  and  enclose  air-containing  clefts  (Landois),  According 
to  Behrend,  in  very  rare  cases  hairs  are  met  with  in  which  what 
look  like  nodular  thickenings  occur  at  regular  intervals,  but  in 
these  it  is  the  internodal  portions  that  are  morbidly  altered,  inas- 
much as  they  are  attenuated  and  devoid  of  the  normal  central 
canal. 

The  nails  are  frequently  misformed  or  defective,  and  ab- 
normally thin  and  brittle,  or  misplaced,  generally  as  a  result 
of  inflammations  or  of  direct  injury. 

References  on  Alopecia  and  on  Reproduction  of  the  Hair. 

VON  Barensprung  :  Alopecia  areata  Charite-Annalen  viii 

Behrend:  Alopecia  areata  Berl.  klin.  Woch.  1887,  and  V.  A.  109  1887  and  116 
1889 

Besnier  :  Sur  la  pelade  Paris  1888 

BuCHNEB  :  Aetiology  of  area  Celsi  V.  A.  74  1878 

EicHHOFF  :  Is  alopecia  areata  contagious?  Monatsh.f.  prakt.  Derm.  1888 

EiCHHORST :  Alopecia  areata  V.  ^.78  1879 

GiovANNiNi :  The  normal  development  of  and  certain  changes  that  take  place 
in  the  human  hair  V.  f.  Derm,  xiv  1887 ;  Reproduction  of  hair  after  epila- 
tion A.  f.  mikrosk.  Anai.  36  1890,  and  A.  ital.  de  hiol.  xv  1891;  Morbid 
histology  of  baldness  Ann.  de  dermat.  ii  1892 

Joseph:  Aetiology  of  alopecia  areata  Cent.  f.  med.  Wiss.  1866;  Monatsh./. 
prakt.  Derm.  1886,  and  Y.  A.  107  1887 

Lassar  :  Alopecia  areata  D.  med.  Woch.  1881 

Malassez  :  Alopecia  pityrodes  A.  de  physiol.  1874 

Michelsok:  Aetiology  of  area  Celsi  V.  A.%Q  1880 

PiNCUs  :  Alopecia  pityrodes  V.  A.2,1  1866,  41  and  43  1868 

Schein:  Growth  of  the  human  skin  and  hair  A.f.  Derm.  xxi\'  1892 

ScHULTZE  :  Theories  concerning  area  Celsi  F.  4.  80  1880 

ScHWiMMER :  Die  neuropath.  Dermatosen  Vienna  1882 

VON  Sehlen:  Fortschr.  d.  Med.  i,  and  F.  ^.  99  1885 

Stieda  :  Growth  of  hair  Biolog.  Cent,  vii  1887 

Unna;  Alopecia  pityrodes  Monatsh.f,  prakt.  Derm,  i  1882 
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References  on  Nodes  of  the  Hair  and  Trichorhexis. 

Behrbnd  :  Node-formation  on  the  hair-shaft  V.  A .  103  1886 

Eichhokst:  Trichorhexis  nodosa  Z.f.  klin.  Med.  vii  (supplement)  1883 

Lesser  ;  Pili  annulati  V.  f.  Derm,  xm  1886 

MiCHELSON :   Volkmann's  klin.  Vortrage  no.  120,  and  Ziemssen's  Handb.  d.  spec. 

Path.  XIV 
Roeser:  Trichoptilosis  Ann.  de  dermat.  ix  1878 
"WoLFBERG :  D.  med.  Woch.  1884 

173.  Abnormal  overgrowth  of  hair  (^hypertrichosis,  hirsuties, 
polytrichia)  is  hereditary  or  at  least  congenital  (^hypertrichosis 
hereditaria),  or  acquired  in  later  life  (^hypertrichosis  acquisita). 
Congenital  hypertrichosis  is  universal,  the  whole  body  being 
shaggy  (as  in  'hairy  men'),  or  it  is  local  and  affects  olily  par- 
ticular parts.  Universal  hypertrichosis  is  usually  a  family 
peculiarity,  and  may  affect  the  entire  face  and  forehead.  An 
abnormal  growth  of  hair  on  the  chin  and  upper  lip  in  women  is 
not  uncommon.  Moles  and  pigment-spots  are  often  thickly  be- 
set with  hairs.  Many  cases  of  sacral  hypertrichosis  have  been 
recorded ;  it  is  generally  associated  with  spina  bifida  occulta 
(von  Recklinghausen).  Acquired  hypertrichosis  has  been 
observed  in  a  few  cases  as  an  accompaniment  of  spinal  diseases 
(Ekb,  Schibffeedeckbk)  and  as  a  consequence  of  chronic  irrita- 
tion of  the  skin  (Kaposi). 

Overgrowth  of  the  nails  (hyperonyehia)  in  length  and  thick- 
ness is  frequently  met  with,  and  they  are  often  at  the  same  time 
distorted,  rough,  or  tuberculated.  Excessively  long  nails  become 
curved  into  claws  Qjnychogryphosis).  When  they  become  exces- 
sively broad  they  are  apt  to  cut  into  the  soft  parts,  giving  rise 
to  haemorrhage  and  inflammation  (ingrowing  nails,  incarnatio 
unguis'). 

Abnormal  enlargement  of  the  nails  may  take  place  without 
any  perceptible  cause.  In  other  cases  it  is  a  concomitant  of 
ichthyosis  or  psoriasis,  or  follows  on  inflammatory  affections. 

References  on  Hypertrichosis. 

B  ARTELS  :  Hypertrichosis  Z.f.  Ethnol.  viii  1876,  xi  1879,  xrii  1881 

Beigel  :  Hypertrichosis  V.  A.  H  1868 

Bonnet  :  Hypertrichosis  congenita  universalis  Wiesbaden  1892 

Chiari  :  Hypertrichosis  Prag.  med.  Woch.  1890 

EcKER  :   Ueber  abnorme  Behaarung  d.  Menschen  Brunswick  1878 

FiJRST:   V.  A.  961884 

Getl  :  Observations  on  hypertrichosis  Biolog.  Cent,  viii  1888 

Hilbert:   V.A.9d  1885 

MicHELSosr :   V.  A.  100  1885,  and  Ziemssen's  Handb.  d.  spec.  Path,  xiv 

VON  Recklinghausen  :  Spina  bifida  V.  A .  105  1886 

Virchow-Ornstein  :  Z.  f.  Ethnol.  vii  1875,  and  viii  1876 

Wilson:  Hairy  men  Lectures  on  dermatology  London  1878 
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. .  concentric  atrophy  of  143 

. .  connective  tissue  196 

. .  consecutive  abscess  of  187 

. .  cysticercus  cellulosae  of  244 

. .  cysts  of  148,  231 

. .  decalcification  of  149 

. .  deformity  of  the  articular  surfaces 
of  227 

. .  degenerations  of  chondroma  of  239 

. .  development  of  141 

mature  223 

. .  disintegration  of  myelogenous  tu- 
mours of  244 

. .  disorders  of  growth  of  196 

osseous    development 

196 

. .  eburnation  of,  in  arthritis  deform- 
ans 272 

. .  eccentric  atrophy  of  143 

. .  echinococcus  of  244 

. .  enohondroma  of  235 


bone,  erosions  of  147 

failure  of  bony  union  in  fracture 

of  166 

. .  fatty  degeneration  of  143 

. .  fibroma  of  235,  238 

. .   fissure  of  160 

. .  formation  of  new,  in  tumours  of  234 

. .  foveolae  of  142 

. .  fracture  in  resorption  of  145 

. .  fracture  of  160 

. .  fundamental  lamellae  of  159 

. .  giant-celled  sarcoma  of  240 

. .  glanders  of  195 

. .  growth  of  by  apposition  154 

. .  gumma  of  192 

. .  gunshot  injuries  of  175 

. .  haematoma  of  242 

. .  haemorrhage  after  traumatism  175 

. .  halisteresis  150 

. ,   Haversian  canals  of  149 

. .   Howship's  lacunae  of  142, 149 

. .  hypertrophic  zone  ofdeveloping  196 

. .  hypertrophy  of  154,  167 

. .  incomplete  fracture  of  164 

. .  infective  granulomata  of  183 

. .   inflammation  of  170 

. .  inflammation  of,  after  traumatism 
175 

..   'inflation'  of  the  244 

. .  in  general  miliary  tuberculosis  187 

. .  interstitial  growth  of  159 

. .  lacunar  resorption  of  141 

in      carcinoma 

242 

tuberculosis 

184 

. .  lamellar,  with  Sharpey's  fibres  159 

. .  length  of  time  necessary  for  repair 
of  fracture  of  166 

. ,   leprosy  of  195 

. .  lipoma  of  239 

. .  liquefaction    of    myelogenous  tu- 
mours of  244 

. .  local  agenesis  of  199 

atrophy  of  147 

. .  matrix  of,  decalcified  150 

. .   mature  form  of  223 

. .  membrane  159 

. .  metastatic  inflammation  of  173 

. .   method  of  growth  of  154 

. .  mixed  tumours  of  232 

. .  multilooular  cysts  of  244 

. .  myelogenous  alveolar  sarcomata  of 
240 

. ,  myelogenous  tumours  of  232,  233 

. .  myeloma  of  241 

. .  myeloplaxes  in  resorption  of  141 

. .  myxofibroma  of  239 

. .  myxoma  of  235,  239 

. .  necrosis  of  148,  170 

. .  necrotic  caries  of  148 

splinters  of  165 
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neuroparalytic  atrophy  of  146 

neuropathic  atrophy  of  146 

new  formation  of   in   halisteresis 

153 
origin  of  196 

primary  tumours  of  231 

osteoclasts  in  resorption  of  141 
paralytic  contractures  of  227 
partial  defects  in  individual  199 

necrosis  of  172 

periosteal  tumours  of  232 
peripheral  caries  of  186 
phosphorus-necrosis  of  176 
pressure  of  tumours  on  147 
primary  tumours  of  231 
proliferous  zone  of  developing  196 
reabsorption  of  141 
regeneration  of  154 
repair  of  isolated  tubercles  of  192 
resection  of  166 

resorption  of  17,  152,  169,  179,  194 
in  arthritis   deform- 
ans 271 

inflammation  170 

resection  of  joints 

252 

tumours  233 

retrogressive  changes  in  sarcoma 

of  240 
r61e  of  osteoblasts  in  formation  of 

155 
sacculated  cold  abscess  of  186 
sarcoma  of  235,  239 
secondary  tumours  of  231 
senile  atrophy  of  143 
septic  pyaemia  of  171 
sequestrum  of  184 
sinuses  of  187 
softness  of,  in  rickets  220 
splint  of  173 

superficial  necrosis  of  172 
suppuration  of  175 
syphilis  of  192 
syphilitic  caries  of  194 

necrosis  of  194 

telangiectatic  sarcoma  of  240,  242 
total  necrosis  of  172 
traumatic  violence  to  175 
true  fibrous  159 

lamellar  159 

tuberculosis  of  183 

large,  long  189 

short,  spongy  189 

small,  long  189 

tuberculous  foci  in  184 
tumour-like  formations  of  209 
tumours  of  231 
•corpuscles  184 
■marrow  137 

atrophy  of  138 

calcification  of  242 

cells  in  137 


bone-marrow,  change  from  yellow  into 
red  139 

Charcot-Neumann  crystals 

in  139 

degeneration  of  138 

development  of  red  blood- 
corpuscles  in  137 

fatty  degeneration  of  cells 

and  capillaries  of  138 

gelatinous  138 

haemorrhage  from  140 

hypertrophy  of  the  fatty 

tissue  of  139 

lymphoid  137 

metastatic  abscess  of  171 

morphology  of  137 

necrotic  foci  in  138 

nucleated  red  blood-cor- 
puscles 137 

pigmented  granule  cells  in 

140 

red  137 

siderosis  of  140 

significance  of  changes  in 

cellular  composition  of 
139 

thrombosis  of  veins  of  171 

tint  of  lymphoid  139 

yellow  138 

bone-necrosis  188 

bottle-nose  558 

brain  (see  also  cerebrum) 

abnormal  enlargement  of  575 

weight  of  402 

abscess  of  428 

actinomycosis  of  433 

anaemia  of  405 

the  internal  meninges 

of  442 

anencephalia  388 

angioma  of  440 

animal  parasites  of  436,  440 

atrophy,  of  407 

carcinoma  of  440 

cause  of  ependymal  sclerosis  of 

435 

choroid  plexuses  of  442 

compression  of  428 

concussion  of  424 

congestive  hyperaemia  of  404 

contusion  of  425 

cortical  apoplexy  of  443 

crushing  of  425 

cystic  degeneration  of  the  choroid 

plexus  of  442 

oysticercus  of  440 

diffuse  sclerosis  of  434 

disseminated  miliary  tuberculosis 

of  pia  mater  of  449 

disseminated  sclerosis  of  434 

echinococcus  of  440 

ependymal  sclerosis  of  434 
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brain,  fatty  degeneration  of  409 

flbrino-purulent    exudation    into 

ventricles  of  445 

fibroma  of  440 

fissures  and  gyri  of  382 

general  atrophy  of  407 

passive  oedema  of  405 

glioma  of  436 

gliomyxoma  of  439 

gliosarcoma  of  439 

granular  ependymal  sclerosis  of 

435 

gumma  of  451 

haematogenous  tuberculosis  of  432 

haemorrhages  into  the  pia  mater 

of  443 
haemorrhagio    softening    of,    in 

gumma  453 
hyperaemia  of  the  internal  me- 
ninges of  442 

hypoplasia  of  entire  390 

in  cretinism  402 

infective  granulomata  of  432 

inflammatory  oedema  of  405 

in  habitual  criminals  402 

idiocy  402 

mental  diseases  402 

ischaemic  softening  of,  in  gumma 

453 

laceration  of  425 

lipoma  of  440 

local  degenerations  of  412 

engorgement  of  404 

inflammations  of  412,  413 

passive  oedema  of  405 

lymphogenous  tuberculosis  of  432 

malformations  of  388 

metastatic  tuberculosis  in  basal 

region  of  449 
morbid  changes  of  blood-vessels 

of  417 

multiple  sclerosis  of  434 

oedema  of,  from  auto-intoxication 

405 

pia  mater  of  442 

subarachnoid      space 

of  442 

osteoma  of  440 

papillary  cystoma  of  572 

partial  hypoplasia  of  391 

passive  hyperaemia  of  404 

pial  cysts  of  442 

premature  atrophy  of  407 

degeneration  of  407 

purulent  exudations  into  445 

psammoma  of  440 

quantity  of  blood  in  404 

repair  of  abscess  of  430 

resemblance   of    sclerosis  of,   to 

tumours  of  434 

results  of  concussion  of  424 

sarcoma  of  440 


brain,  sclerosis  of  434 

secondary  tumours  of  440 

smooth  ependymal  sclerosis  of  435 

solitary  tubercles  in  432,  450 

tubercle  of  the  pia  mater 

of  451 

structure  and  functions'  of  381 

subarachnoid  cysts  of  442 

sub-meningeal  injuries  of  426 

secondary  disintegration  of,  after 

injury  426 

syphilis  of  432,  451 

traumatic  injury  of  424 

softening  of  426 

tuberculosis  of  432 

tumours  of  436 

internal  meninges  of 

454 

vascular  naevus  of  440 

ventricles  of  445 

vyeight  of  390 

atrophic  409 

wounds  of  425 

brain-sand  455 

bronchial  lymph-glands,  pigmentation  of 

119 
bubo  121 

hard  128 

indolent  128 

Burdach's  column  of  spinal  cord  327 
burn  of  the  first  degree  511 

second  degree  511 

third  degree  51 1 

fourth  degree  511 

bursae  314 

morphology  of  317 

tuberculosis  of  319 

bursitis,  acute  317 
chronic  317 

calcareous  infiltration  of    the    arteries 

66,68 
calcification   of   blood  -  vessels    of    the 
brain  417 

muscle  299 

callosities  548 
callus  160 

exterior  160 

extra-capsular  164 

interior  160 

intermediary  160 

intra-capsular  164 

involution  in  163 

myelogenous  160 

periosteal  160 

cancroid  567 
capsule,  articular  245 
caput  medusae  94 
carbuncle  625 
carcinoma  of  the  brain  440 

branchiagenous  568 

of  bone  231 
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carcinoma  of  bone,  lacunar  resorption  in 
242 

dura  mater  of  brain  463 

lieart  55 

method  of  develop- 
ment of  56 

situation  of  55 

meninges  of  the  brain  454 

muscle  312 

pericardium  64 

pituitary  body  464 

skin  567 

spinal  meninges  379 

spleen  116 

ventricles    of    the    brain 

466 
carcinomatous  caries  of  bone  242 

osteomalacia  242 

cardiac  aneurysm,  partial  60,  51 

rupture  of  51 

thrombi  in  51 

ganglia,   degenerative    changes 

in  46 

fibrous  hyperplasia  of 

46 

hypoplasia  24 

dimensions  of  heart 

in  24 

muscle,  aetiology  of  27 

hypertrophy  of  27 

polypus  46 

caries,  articular  188 

fungosa  188 

fungous  188 

malacic  188 

mollis  188 

of  cartilage  248,  260 

scrofulous  188 

sicca  188 

syphilitic  194 

tuberculous  188 

carpus,  tuberculosis  of  190 
cartilage,  articular  198 

calcification  of  198 

caries  of  260 

conversion    of    hyaline,   into 

flbro-cartilage  249 

conversion    of    hyaline,    into 

fibrous  tissue  249 

erosion  of  248,  260 

formation    of    fatty    marrow 

from  248 
lymphoid  mar- 
row from  248 

mucoid    tissue 

from  248 

granulative    inflammation    of 

248 

necrosis  of  248,  260 

purulent  inflammation  of  24 

r6Ie  of,  in  growing  bone  165 

sequestra  of  260 


cartilage,  transformation  of  into    bone 

166 

zone  of  calcified  198 

-cells,  fate  of  198 

metaplasia  of  248 

caseous  nodes  in  tuberculous  arthritis 

284 
cavernous  angioma  of  spinal  meninges 

377 
central  nervous  system.  Sect,  vi 
centripetal  fibres  of  the  cerebrum  384 
cephalic  index  206 
cephalocele  388 
cerebellum  385 

abscess  of  430 

centres  of  387 

hypoplasia  of  391 

in  atrophy  of  the  cerebrum 

410 
cerebral  apoplexy  422 

axis  385 

hypoplasia  of  391 

cortex,  psycho-motor  regions  of 

357 

hernia  388 

cerebro-spinal  meningitis  444 
cerebrum,  accumulation  of  leucocytes  in 

409 
blood-corpus- 
cles in  409 
yellow      pig- 
ment gran- 
ules in  409 
acute  destruction  of  ganglion 

cells  of  413 

agenesis  of  389 

angular  gyrus  of  382 

anomalies  in  minute  histologi- 
cal structure  of 
400 

of  development  of 

the  388 
anterior  occipital  fissure    of 

381 

apoplectic  cicatrix  of  424 

cysts  of  423 

associative  fibres  of  384 

asymmetry  of  391 

atheroma  of  blood-vessels  of 

of  417 
atrophy  of  cortex  of,  after  am- 
putation 417 

auditory  centre  of  385 

calcarine  Assure  of  382 

calcification   of  blood-vessels 

417 

callosal  gyrus  of  382 

calloso-marginal  fissure  of  382 

capillary  haemorrhages  of  421 

caudate  nucleus  of  383 

causes  of  partial  agenesis  of 

394 
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cerebrum,  central  Assure  of  381  cerebrum,  olfactory  centre  of  385 

centripetal  fibres  of  384  optic  thalamus  of  383 

cerebellum  in  atrophy  of  410  paracentral  lobule  of  382 

claustrum  of  383  parallel  fissure  of  382 

collateral  sulcus  of  382  parietal  lobe  of  381 

commissural  fibres  of  3P4  parieto-occipital  fissure  of  381 

complications  of  agenesis  of  partial  agenesis  of  393 

393  hypoplasia  of  391 

hypoplasia  pigment-granule  cells  in  de- 

of  392  generation  of  415 

convolutions  of  381,  389  praecuneus  of  382 

corpora  amylacea  of  416  precentral  fissure  of  381 

cortex  of  383  projective  fibres  of  384 

cortical  centres  of  385  quadrate  lobule  of  382 

cuneus  of  382  red  softening  of  417 

cysts  of  416,  419  regeneration    of    nerve    ele- 

deficiency  of  secondary  sulci  ments  of  416 

of  390  results  of  haemorrhage  of  422 

disorders  of  circulation  of  404  softening  of  419 

embolism  of  blood-vessels  of  rolandian  fissure  of  381 

417  sclerosis  of  416 

etat  crible  of  407,  419  blood-vessels     of 

fat-granule  cells  in  degenera-  41 7 

tions  of  415  sensory  centres  of  385 

fatty  degeneration  of  blood-  softening  of  417 

vessels  of  417  speech  centre  of  385 

fibres  of  medullary  substance  subthalamic  body  of  383 

of  384  substantia  perforata  anterior 

fibrous  cicatrix  of  416  of  383 

first  temporal  fissure  of  381  superficial  temporal  fissure  of 

fissures  of  381,  389  381 

fusiform  gyrus  of  382  sulci  of  381 

ganglion  cells  of  384  sylvian  fissure  of  381 

gyri  of  381  temporal  lobe  of  381 

gyrus  cinguli  of  382  transverse  occipital  sulcus  of 

haemorrhages  of  421  382 

heterotopia  of  grey  matter  of  visual  centre  of  385 

401  white  softening  of  416,  417 

hippocampal  gyrus  of  382  yellow  softening  of  417 

hypertrophy  of  390,  401  chalky  deposits  in  gouty  arthritis  280 

hypoplasia  of  389,  390  chancre,  hard  529 

induration  of  419  soft  529 

inferior  occipital  fissure  of  381  true  Hunterian  535 

intraparietal  fissure  of  381  chancroid  529 

ischaemic  necrosis  of  417  chicken-pox  518 

island  of  Reil  of  382  chilblains  510 

lenticular  nucleus  of  383  chiragra  261 

lingual  gyrus  of  382  chloasma  cachecticorum  496 

location  of  haemorrhage    of  caloricum  496 

422  toxicum  496 

margmal  gyrus  of  382  traumaticum  496 

medullary  white  matter  of  383  uterine  496 

minute  structure  of  389  chlorosis  4 

morphology  of  381  cholesteatoma  of  the  pia  mater  of  the 

motor  centres  of  385  brain  457 

neuroglia  cells  in  degenera^  chondritis  260 

tion  of  414  chondroblasts  155 

nucleus  amygdalae  of  383  chondrodystrophia  hyperplastica  204 

nucleus  of  Luys  of  383  hypoplastica  202 

occipital  lobe  of  381  malacica  204 

occipito  -  temporal    sulcus  of  chondroid  tissue  155 

*^82  chondroma  of  bone  239 
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chondroma  of  bone,  degenerations  of  239 

the  meninges  of  tlie  brain 

454 

muscle  312 

chondro-osteosaroomata  242 

chondrosarcomata  242 

chordae  tendineae  35 

choroid  plexus,  cystic  degeneration  of  442 

cicatrix,  apoplectic  424 

Clarke's  vesicular  column  326 

clavus  548 

cloacae  176,  184 

cloudy  swelling  of  muscle  297 

cnidosis  510 

cocci,  pyogenic  69 

coccidia  547 

column  of  Tiirck  326 

combination  cells  of  Ramon  y  Cajal,  325 

comedo  525 

comedone  571 

commissural  cells  of  spinal  cord  324 

fibres  of  the  cerebrum  384 

concretio  pericardii  62 
condyloma  acuminatum  550 

endocystio  547 

condylomata  lata  537 

congestive  hyperaemia  of  the  spleen  108 

connective  tissue  63,  71,  75,  87,  88,  91, 

98,  111,  163,  166,  185,  192,  250,  252, 

257,  307,  340 
contractures  256  ■ 

arthrogenous  256 

articular  266 

cicatricial  256 

myogenous  256 

co-ordination  centre  386 
cor  biloculare  19 

biatriatum  19 

biventriculare  19 

. . .  viUosum  60 
corn  548 

cornu  cutaneum  549 
corpora  mamillaria  385 

quadrigemina  385 

centres  of  387 

corpus  callosum  381 
corpuscula  oryzoidea  316 
coxa  vara  226 

cranial  bones,  tuberculosis  of  192 
craniorachischisis  388 
cranio-stenosis  206 
craniotabes  rachitica  222 
cranium  (see  skull) 

agenesis  of  388 

osseous  defects  of  388 

cretinism  200 

brain  in  402 

criminals,  brain  in  habitual  402 
crura  385 
crust,  503,  505 
cuniculi  546 
curvature,  kyphotic  222 


curvature,  lordotic  222 

scoliotic  222 

cutaneous  anaesthesia  502 

eruptions  due  to  medicament, 

510 

of  syphilis  536 

haemorrhages,  idiopathic  493 

symptomatic 

493 
cutis,  aenea  496 

fibroma  of  566 

cyanosis  of  the.  skin  492 

cylindroma  of  the  spinal  meninges  379 

cystioercus  of  the  brain  440 

heart  56 

meninges  of  the  brain 

458 

pericardium  64 

spleen  116 

cellulosae  of  bone  244 

muscle  312 

racemosus  of  the  meninges 

of  the  brain  458 
cystic  degeneration  of  the  pineal  gland 
465 

pituitary 

body  464 

fibroma  455 

of  the  meninges  of  the 

brain  455 
cysts,  apoplectic  423 

maxillary  244 

of  the  skin  499 

spleen  116 

pial  442 

sebaceous  572 

subarachnoid  442 

subchondral  in  arthritis  deformans 

272 

dandriff  570 

degeneration,  amyloid,  of  endocardium 

32 
atheromatous,  of  endocar- 
dium 31 

fatty,  of  endocardium  30 

hyaline,  of  endocardium  32 

mucoid,  of  endocardium  31 

Deiters'  cells  of  spinal  cord  324 

dementia,  paralytic  atrophy  of  brain  in 
407 

demodex  foUiculorum  492 

dendrites  324 

dentition  in  rickets  222 

dermatitis  combustionis  bullosa  511 

erythematosa  511 

congelatio  gangraenosa  511 

congelationis  bullosa  511 

contusiformis  509 

general  exfoliative  520 

papillomatous  530 

dermatolysis  564 
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dermatomycosis  furfuracea  545 
dermoid  cysts,  intracranial  457 
dexiocardia  24 
diaphysis  198 

. .  increased  longitudinal  growth 
of  210 
diarthrosis  245 
diastematomyelia  328 
diplococcus  intracellularis  443 
. .  pneumoniae  59,  346 

■  ■  ■ ; pneumo-  314,  346,  373,  429, 

443,  444 
diphtheria,  lymph-glands  in  121 

spleen  in  110 

dislocation  251 

ankylosis  in  unreduced  259 

changes  in  unreduced  258 

complex  251 

from  caries  in  tuberculous  ar- 
thritis 285 

deformity,  266,  273 

results  of  251 

spontaneous  261,  262 

unreduced  257 

'  drill '  bones  310 

dropsy,  meningeal  442 

dropsical  degeneration  of  muscle  297 

ductus  arteriosus,  persistence  of  20,  22 

dura  mater  of  the  brain,  460 

alveolar  sarco- 
ma of  462 

carcinomaof  463 

enchondroma 

of  463 

endothelioma 

of  462 

fibroma  of  463 

haematoma    of 

460 

hygroma  of  461 

lipoma  of  463 

morphology  of 

460 

osteoma  of  463 

psammoma    of 

462 

sarcoma  of  462 

secondary     tu- 
mours of  463 

syphilis  of  461 

tuberculosis  of 

461 

; tumours  of  462 

"...  spinal  cord,  inflammation 

of  380 

tumours  of  380 

dystrophy,  progressive  muscular  294, 303 

adolescent 

294 

adult  294 

infantile 

294 


ebumation  of  bone  241 

ecchymoma  493 

ecchymoses  493 

echinococcus  of  bone  244  \ 

brain  440 

heart  56 

meninges  of  the  brain 

458 

muscle  312 

pericardium  64 

spleen  116 

ectasis,  arterial  83 
ecthyma  516 
ectopia  cordis  24 
eczema  615 

acute  515 

aetiology  of  515 

chronic  515,  516 

crustosum  515 

erythematosum  515 

impetiginodes  515 

impetiginosum  515,  516 

madidans  515 

marginatum  545 

papulosum  515 

rubrum  515 

squamosum  515 

vesiculosum  516 

et  pustulosum  515 

elephantiasis  554,  657 

acquired  550 
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